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MESSAGE 

ntOM  TVS 


PRESIDENT  OF  THE  UNITED  STATES. 


TBAXSMITTINO 


A  communieatumfr&m  the  Secretary  of  War^  submitting  the  annual  report 
of  the  Missisrippi  River  Commieeicn  for  the  year  1883. 


January  9,  1884^— Referred  to  the  Committee  on  Riven  and  Harbors  and  ordered  to 

be  printed. 


To  the  Senate  and  House  of  Representatives: 

I  transmit  herewith  to  the  Honse  of  Bepresentatives  a  comTnanicatioii 
from  the  Secretary  of  War  submitting  the  annnal  report  of  the  Missis- 
sippi River  Commission. 

I  take  this  occasion  to  invite  the  early  attention  of  Congress  to  the 
continnation  of  the  work  on  the  Mississippi  River,  which  is  being  carried 
oo  under  the  plans  of  the  Commission.  My  sense  of  the  importance  of 
the  improvement  of  this  river,  not  only  to  the  people  of  the  Northwest, 
bat  especially  to  the  inhabitants  of  the  Lower  Mississippi  Valley,  has 
already  been  expressed  in  a  special  communication  to  the  last  Congress. 
The  harvests  of  grain  and  cotton  prodnced  in  the  region  bordering  upon 
the  Mississippi  are  so  vast  as  to  be  of  national  importance,  and  the  pro- 
ject now  being  executed  for  their  cheap  transportation  should  be  suffi- 
ciently provided  for. 

The  Commission  report  that  the  results  due  to  the  still  uncompleted 
works  have  been  remarkable,  and  give  the  highest  encouragement  for 
expecting  the  ultimate  success  of  the  improvement. 

The  act  of  Augiist  2, 1882,  appropriated  94,123,000  for  the  work  on 
that  part  of  the  river  below  Cairo.  The  estimates  of  the  Commission 
already  transmitted  to  Congfess  call  for  $3,000,000  for  the  continuation 
of  the  work  below  Cairo ;  and  it  appears  from  their  report  that  all  of 
the  last  appropriation  available  for  active  operations  has  been  exhausted, 
and  that  there  is  urgently  needed  an  immediate  appropriation  of 
$1,000,000  to  continue  the  work  without  loss  of  time,  in  view  of  the  ap- 
proach of  the  flood  season  with  its  attendant  dangers.  I  therefore  rec- 
ommend to  Congress  the  early  passage  of  a  separate  bill  on  this  subject. 

CHESTER  A.  ARTHUR. 

ExiscurrvB  Mansion,  January  8, 1884. 
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report  of  the  mssissippi  river  commission. 

War  Department, 
WoihingUm  Oity^  January  7, 1884. 

_jSiR :  I  have  the  honor  to  submit  herewith,  for  transmission  to  Con- 
gress, the  annual  report  of  the  Mississippi  Biver  Commission  for  the 
year  1883. 

Very  respectfally,  your  obedient  servant, 

ROBERT  T.  LINCOLN, 

Secretary  of  War. 
The  President. 


The  Mississippi  Biyer  Commission, 

President's  Office, 
yew  Yorky  Decetnber  21, 1882[3]. 

Sir  :  The  Mississippi  Biver  Commission  have  the  honor  to  scU)mit 
the  following  report,  embracing  the  subjects  and  subdivisions  specified 
below,  to  wit : 

1.  Progress  of  surveys  and  examinations  since  December  1, 1882. 

2.  Construction. 

3.  Bemarks  on  the  subjects  of  levees  and  outlets. 

4.  Legislation. 

5.  Financial  statements  and  estimates  of  funds  for  the  fiscal  year  end- 
ing June  30, 1885,  for  ''  Surveys  and  expenses  of  the  Commission  ^  and 
for  <^  Improving  the  Mississippi  Biver.'' 

PROaRESS  OF  SURVEYS  AND  EXAMINATIONS. 

The  surveys  and  examinations,  underti^pn  in  pursuance  of  the  re- 
quirements of  the  third  section  of  the  organic  act,  have  been  continued. 

From  December  1, 1882,  to  December  1, 1883,  the  following  progress 
is  reported : 

Oauges. — Daily  readings  have  been  continued  at  the  stations  main* 
tained  by  the  Commission,  and  two  new  gauges,  at  Gray's  Point,  Mo., 
and  Columbus,  Ky.,  have  been  established.  This  service  has  been 
greatly  improved  during  the  past  year,  and  its  value,  both  as  an  aid  to 
navigation  and  as  a  source  of  hydraulic  data,  greatly  enhanced.  A 
small  steamer  has  been  purchased  and  equipped  for  the  duty  of  main- 
taining these  gauges  in  correct  position,  and  insuring  accuracy  of  record 
and  display.  This  boat  is  constantly  passing  up  and  down  the  river 
in  the  performance  of  this  as  her  principal  duty.  She  visits  each  gauge 
at  least  once  a  month.  The  daily  readings  are  conspicuously  displayed 
on  bulletin  boards,  and  are  now  a  prominent  feature  of  the  records  kept 
by  pilots  for  their  mutual  informatiou.  The  bulletins  are  frequently 
read  at  night  by  means  of  the  electric  light. 

Triangulation. — ^No  field  work  has  been  done  during  the  year.  The 
adjustment  and  reduction  of  previous  work  has  been  completed. 

Precise  levels. — The  line  has  been  continued  northward  along  the  river 
from  Clinton,  Iowa,  to  Savannah,  HI.  (22  miles),  and  thence  to  Lake  Mich- 
igan  at  Chicago  (148  miles).  The  reduction  of  the  part  from  Clinton  to 
Savannah  and  also  of  the  Remainder  of  the  line  from  Grafton  to  Keo- 
kuk has  beea  completed. 

The  record  of  the  tide-gauge  on  the  Gulf  of  Mexico  has  been  contin- 
ued. Owing  to  the  considerable  discrepancies  in  the  means  of  different 
lunations*  it  has  been  thouc^ht  unadvisable  to  terminate  the  series,  so 
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that  the  mean  Gulf  level,  upon  which  all  elerations  are  finally  to  depend, 
remains  undetermined. 

Final  topography  and  hydrography^  on  the  same  scale  as  mentioned  in 
last  repott,  has  been  completed  fh)m  10  miles  above  Yicksburg  to  Don- 
aldsonville^  a  distance  of  297  miles ;  from  Island  No.  1  to  Donaldson^ 
Point,  60  miles;  from  Gamttaersville  toPlum  Point,  58  miles;  from  Ran- 
dolph Point  to  Memphis,  15  miles ;  and  from  Commerce  Gut-off  to  Trot- 
ter's Lianding,  33  miles,  making  a  grand  total  of  463  miles  of  river  sur- 
veyed daring  the  year. 

In  coDiiection  with  this  branch  of  work,  occasion  was  taken  to  repeat, 
in  the  fall  of  1882,  the  cross-sections  near  the  principal  crevasses  of  the 
preceding  flood,  for  comparison  with  measurements  of  the  same  sections 
made  previous  to  the  flood. 

Detail  ebarts  (scale  of  rrrirc)  ^^^  Arkansas  Oity  to  Greenville,  and 
frwn  Ijake  Providence  to  Waterproof,  comprising  IW  miles  of  river,  have 
been  plotted  and  drawn  in  the  cKfflce.  In  addition,  the  remaining  sheets 
to  Donaldsonville  are  partially  completed.  The  preparation  of  the  pre- 
liminary chart  (one  inch  to  a  mile)  has  been  continued,  five  sheets,  ex- 
tendlBg  to  Kodney,  Miss.,  having  been  drawn,  and  five  sheets,  extending 
to  the  foot  of  Island  97,  published. 

TriMns-aUuvial  levels. — The  system  of  lines  undertaken,  a8  noted  in  the 
Report  of  the  Commission  for  1881,  p.  3,  to  obtain  information  as  to  the 
heights  of  the  alluvial  bottom  lands  and  their  reservoir  capacity,  was 
completed  daring  the  past  year. 

Other  work  in  the  same  direction,  consisting  of  160  miles  of  levels  in 
the  country  between  Lower  Red  Biver  and  the  Atchafalaya,  has  been 
completed. 

Observations. — The  series  of  measurements  at  Paducah,  Columbus, 
Helena^  Hays'  Landing,  and  Bed  Biver  Landing,  which  closed  in  De- 
cember, 1882,  have  been  reduced.  The  measurements  of  escape  through 
crevaflses  and  otherwise  were  repeated  for  the  flood  of  1883,  which  was, 
at  Cairo,  the  highest  on  record.  This  work  was  not  continued  below 
Yicksburg,  since  at  that  point  the  flood  was  several  teet  below  that  of 
18^,  and  was  no  longer  of  unusual  magnitude. 

High-uHUei*  marks  and  slope* — ^The  collection  of  reliable  high-water 
marks  of  1883,  and  previous  years,  has  been  continued.  The  profile  of 
the  water  surface  was  determined  for  the  low  water  of  October^  1883, 
from  Saint  Louis  to  New  Orleans. 

A  financial  statement  and  an  itemized  statement  of  the  expenditure 
of  the  appropriation  in  act  of  August  2, 1882,  appear  below. 

The  following  papers  relating  to  the  work  of  surveys  and  examina- 
tions are  submitted  as  appendices  to  this  report : 

Appendix  A. — Annual  report  of  the  secretary  of  the  Commission  upon 
the  field  work  of  surveys  and  examinations. 

Appeniia:  B, — Beport  upon,  and  final  results  of,  secondary  triangular 
tioa  firom  Cairo  to  Keokuk. 

Appendix  C. — ^Beport  upon,  and  results  of,  precise  leveling  from  Car- 
roUton  to  Biloxi,  and  from  Cairo  to  Fulton, 

Appendix  D, — ^Beports  upon  field  work  of  topography  and  hydrog- 
rap^. 

Appendix  E. — Beport  upon  the  work  of  trans-alluvial  leveling,  with 
profiles  of  the  lines. 

Appendix  F. — Beports  upon  and  results,  of  observations  of  river  dis- 
^'harge  at  various  points. 

Appendix  6, — ^Beport  upon  changes  of  the  Mississippi  Biver,  as  shown 
by  conparison  of  the  earliest  aud  latest  authentic  surveys. 
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CONSTEUOTION. 

At  the  date  of  the  last  aauaal  report  of  the  Gommidsiou,  December 
1, 1882,  work  had  beeu  fairly  inaagiirated  oti  the  Plum  Poiut  and  Lake 
Providence  Beaches,  and  also  in  the  vicinity  of  Memphis  and  Vicksbarg, 
and  throughout  December  and  January  the  work  was  pushed  with  great 
vigor.  Unfortunately  the  extremely  cold  weather  interfered  seriously 
with  the  stone  supply  from  the  Ohio  and  Upper  Mississippi,  the  running 
ice  at  times  entirely  cutting  off  access  to  the  quarries.  As  a  consequence 
of  this  there  was  a  large  accumulation  of  mattress  work,  both  for  bank 
revetment  and  for  pile-dike  foot  mats,  which  was  afloat  in  place,  but  un- 
sunk  for  lack  of  stone.  In  this  condition  of  affairs,  early  in  February 
the  river  began  to  rise  rapidly,  bringing  down  great  quantities  of  drift, 
while  the  heavy  running  ice  on  the  Mississippi  and  Ohio  still  prevented 
the  procuring  of  an  adequate  supply  of  stone.  Efforts  were  made  to 
use  sacks  of  sand  instead,  but  without  much  success,  and  at  both  Plum 
Point  and  Lake  Providence  a  considerable  amount  of  mattress  work 
was  lost.  At  the  former  place  the  uncompleted  pile  dikes  also  suffered 
considerable  damage  from  the  accumulation  of  drift  and  the  strong  car- 
rent,  due  to  the  rapid  rising  of  the  river.  This  rise  continued*  and 
tlnaUy  culminated  in  a  flood  nearly  as  great  as  that  of  1882,  and  thence- 
forth a  very  high  stage  of  water  prevailed  continuously  until  about  the 
end  of  July.  During  this  period  work  was  continued,  though  under 
very  great  disadvantages,  and  was  of  necessity  mainly  confined  to  work 
on  the  dikes,  which  required  constant  watching  and  repairs  during  this 
long-continued  high  water. 

After  the  subsidence  of  the  flood  the  construction  of  mattresses  for 
bank  revetment  was  resumed,  but  the  season  proved  unusu>illy  sickly, 
and  labor  was  scarce  and  inefficient.  Nothing  of  consequence  was  ac- 
complished until  the  advent  of  the  cool  weather  in  the  fall,  since  which 
time  work  has  progressed  favorably  and  rapidly.  Every  endeavor  has 
been  made  to  place  the  work  in  as  safe  a  condition  as  possible,  but  it 
is  greatly  to  be  feared  that  this  can  only  be  partially  accomplished,  as 
the  funds  now  available,  the  balance  of  last  year's  appropriation,  will 
only  admit  of  carrying  on  active  operations  till  about  the  middle  of 
December,  after  which  time  all  work  must  cease  until  Congress  makes 
a  further  appropriation  for  its  prosecution.  The  Oommission  feel  that 
they  cannot  too  strongly  urge  upon  Congress  the  necessities  of  the  case 
and  the  need  of  early  relief,  as  the  flood  season  with  all  its  attendant 
danger  is  close  at  hand,  and  the  Commission  before  that  time  will  have 
exhausted  all  its  available  funds,  only  reserving  such  amounts  as  are 
absolutely  needed  for  the  care  and  preservation  of  the  extensive  and 
costly  plant  belonging  to  the  works.  An  appropriation  of  $1,000,000 
made  immediately  could  be  adv^autageously  used. 

The  past  year,  with  its  many  vicissitudes,  has  been  fruitful  in  valu- 
able experience,  experience  which  was  much  needed,  in  view  of  the  mag- 
nitude and  of  the  untried  difficulties  of  the  work. 

This  experience  has  shown  that  the  principles  upon  which  the  Com- 
mission have  based  their  work  are  perfectly  sound,  and  in  this  respect 
no  modification  seems  necessary,  though  with  regard  to  details  of  con- 
struction some  changes  have  been  called  for. 

The  contraction  works,  consisting  essentially  of  dikes  of  piling,  sus- 
taining curtains  or  screens  of  brush,  proved  generally  too  weak  for  the 
work  imposed  upon  them.  The  great  depth  of  water  in  which  they 
must  be  maintained,  the  enormous  accumulations  of  floating  drift,  and 
the  long  duration  of  the  high-water  period,  are  the  main  points  in  which 
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our  experience  (lifters  from  any  previously  noted  with  similar  stractmres 
at  other  localities.  This  has  necessitated  mnch  more  substantial  work 
than  was  at  first  deemed  necessary,  with  a  proportionate  increase  of 
cost.  It  should,  however,  be  noted  with  regard  to  these  works,  upon 
which  the  main  damage  experienced  has  been  concentrated,  that  they 
are  not  necessarily  ]>ermanent  in  their  nature,  and  are  only  intended  to 
effect  certain  definite  results,  viz,  the  silting  up  of  certain  portions  of 
the  river-bed.  When  this  object  has  been  accomplished  their  work  is, 
as  a  mle,  ended,  and  their  maintenance  will  no  longer  be  required. 
Meanwhile,  from  their  position  and  the  style  of  their  construction,  more 
or  less  damage  at  each  recurring  flood  is  inevitable  and  must  be  ex- 
pected ;  but  such  damage  should  be  made  good  as  soon  as  possible, 
and  the  general  continuity  of  the  dikes  preserved,  in  order  to  obtain 
promptly  the  desired  results. 

The  revetment  work  undertaken,  wherever  completed,  has  proved 
entirely  successful,  and  but  slight  modification  in  the  general  style  and 
in  details  of  construction  has  been  found  necessary.  As  the  officers  and 
men  gain  skill  and  confidence  in  this  work,  better  results,  both  as  re- 
gards rapidity  of  execution  and  economy  in  cost,  may  be  exi>ected. 

Next  to  the  scarcity  of  labor,  the  greatest  difficulty  met  with  has  been 
the  insuring  of  an  ample  and  timely  supply  of  the  materials  used  in  con- 
struction, especially  brush  and  stone.  Already  the  local  supply'  of 
hrash  on  the  works  is  about  exhausted,  and  it  has  to  be  sought  either 
np  or  down  the  river  at  points  60  or  70  miles  distant  from  the  works. 
The  bulk  of  the  st(me  needed  has  to  be  brought  from  above  Cairo,  as 
the  few  local  sources  of  supply  are  entirely  ins^equate  to  the  demands 
of  the  work.  This  has  created  a  demand  for  transportation  which  has 
taxed  the  resources  of  the  Commission  to  the  very  utmost,  and  a  considera- 
ble increase  in  the  number  of  barges  and  tow-boats  at  their  disposal  must 
be  made  as  soon  as  funds  for  the  purpose  are  available.  In  other  re- 
spects the  )>lant  on  hand  seems  adequate  for  the  work  and  generally 
efficient ;  though  it  is  proper  to  state  here  that  the  plant  provided  for 
commencing  work  on  the  New  Madrid  Reach,  and  part  of  that  procured 
for  the  Memphis  Reach,  has  been  absorbed  by  the  works  at  Plum  Point 
and  Lake  Providence. 

With  regard  to  the  results  due  to  the  still  far  from  completed  works 
it  would  seem  premature  to  speak;  nevertheless  these  results  have  been 
«o  remarkable  that  they  cannot  be  overlooked.  During  the  months  of 
September  and  October  the  river  below  Cairo  was  extremely  low  and 
na\igation  was  carried  on  with  great  difficulty.  Between  Cairo  and 
the  Plum  Point  Reach  there  was  but  5J  feet  and  6  .feet  of  water  at 
several  points;  between  that  reach  and  Memi)his  and  as  far  down  as 
Commerce  Cu^off,  40  miles  below  Memphis,  6  feet  was  found.  From 
this  point  to  the  head  of  the  Lake  Providence  Reach  there  was  but  7 
feet  available,  and  between  the  Lake  Providence  Reach  and  Vicksburg 
but  9  feet.    Below  Vicksburg  there  were  not  less  than  10 J  feet. 

During  all  previous  low-water  seasons,  when  similar  depths  have 
l»een  reported.  Plum  Point  and  Lake  Providence  Reaches  have  been 
fnlly  as  shoal  as  any  points  on  the  river,  and  as  a  rule  shoaler  than  any- 
thing in  their  immediate  vicinity;  yet  during  the  present  season  there 
was  hot  less  than  12  feet  depth  through  these  two  reaches,  and  at  Lake 
Providence,  during  the  lowest  water,  over  15  feet  was  reported.  Thus 
these  two  long  stretches  of  habitually  difficult  navigation  showed  this 
year  a  depth  twice  as  great  as  the  bars  above  and  below  them,  and  this 
result  can  only  be  attributed  to  the  works  executed  by  the  Commission. 
That  such  truly  remarkable  eftects  should  have  been  produced  by  the 
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works  in  their  uDfinished  ooDdition  is  extremely  encouraging  as  regards 
the  ultimate  success  of  the  improvement. 

As  stated  in  their  last  report,  the  Commission  have  caused  surveys 
to  be  made  of  the  New  Madrid,  Memphis,  Helena,  and  Choctaw  Beaches, 
with  a  view  to  preparing  detailed  plans  for  their  improvement  when 
funds  for  the  purpose  become  available.  Allotments  were  made  for 
Kew  Madrid  and  Memphis  Beaches,  and  a  considerable  amount  of  plant 
procured  ibr  beginning  work  thereon,  but  owing  to  the  non-passage  of 
the  river  and  harbor  bill  it  was  decided  to  be  inexpedient  to  undertake 
this  work  for  the  present,  and  such  portion  of  the  New  Madrid  allotment 
as  had  not  been  expended  for  plant  was  reallotted  to  Plum  Point  and 
Lake  Providence.  On  the  Memphis  Beach  work  outside  of  the  harbor 
proper  was  confined  to  the  revetment  of  Hopefield  Bend,  a  few  miles 
above  Memphis. 

The  surveys  ordered  at  the  month  of  Bed  Biver,  and  for  a  lock  at 
Bayou  Plaquemine,  have  not  yet  been  completed,  owing  to  the  extremely 
unhealthy  character  of  the  season/^ which  has  rendered  it  almost  impos- 
sible to  keep  a  survey  party  in  the  field.  For  the  same  reason  the  sur- 
vey ordered  at  Natchez  Harbor  has  not  yet  been  undertaken.  At  Mem- 
phis Harbor  the  work  in  progress  at  date  of  last  report  under  a  special 
allotment  by  the  Commission  has  been  completed,  and  the  same  is  true 
of  the  revetment  at  Delta  Point,  Louisiana,  opposite  Vicksburg. 

The  allotment  for  dredging  in  Yicksbnrg  Harbor  wa^  partially  ex- 

.  pended  in  that  manner,  though  the  work  is  now  suspended  for  reasons 

set  forth  farther  on.    At  the  mouth  of  Bed  Biver  the  same  means  for 

maintaining  navigation  were  resorted  to  as  in  several  previous  years. 

They  were  attended  by  failure,  as  in  1881,  and  for  similar  reasons. 

At  New  Orleans  the  construction  of  a  mattress  revetment  in  Carroll- 
ton  Bend  has  been  begun  and  is  now  in  progress. 

On  all  the  portions  of  the  river  under  improvement  repeated  surveys 
have  been  made  to  note  any  changes  which  might  occut*,  and  especially 
those  due  to  the  works  constructed.  At  New  Orleans,  in  addition,  a 
series  of  discharge  measurements,  covering  nearly  a  full  year,  have  been 
made. 

The  details  of  administration,  and  the  division  of  the  river  into  four 
working  districts,  have  remained  throughout  the  year  as  described  in  our 
last  annual  report. 

Full  details  as  to  expenditures  will  be  found  in  the  financial  state- 
ments appended  to  this  report. 

WORKS    BELOW    CAIRO. 

FIRST  DISTRICT. 

Cairo  to  foot  of  Island  No.  40,  220  miles  iu  length.    Officer  in  obargp,  Capt.  J.  G.  1>. 

Knight;  Corps  of  Engineers,  U.  S.  A. ) 

HBAnguABTKBS,  Caiho,  III. 

In  this  district  are  included  the  New  Madrid  and  Plum  Point  Heaches. 
The  former  extends  from  the  head  of  Island  No.  8,  42  miles  below  Gairo^ 
to  the  foot  of  Island  No.  14,  a  distance  of  60  miles ;  and  the  latter  from 
the  head  of  Island  No.  26,  147  miles  below  Cairo,  to  the  head  of  Island 
No.  35,  a  distance  of  40  miles. 

NEW  MADRID  REACH. 

A  low- water  survey  of  this  reach  was  ordered  in  Augnst,  1882,  and 
was  carried  out  during  the  fall  aud  early  winter.    The  maps  of  this  sur- 


BEPOBT   OF   THE   MISSISSIPPI   BIVER   COMMISSION.  7 

vey  have  been  completed,  bat  no  project  for  work  has  as  yet  been  pre- 
pared. With  the  expectation  of  beginning  work  on  this  reach  the  Com- 
mission aathorized  the  procuring  of  the  following  plant,  viz:  20  pile- 
drivers,  40  barges,  1  machine  shop,  6  qaarter-boats,  4  200-feet  mattress 
boats,  6  100-feet  mattress  boats,  6  screen  boats,  and  40  skiffs.  Of  this 
list,  the  pile-drivers,  barges,  and  machine  shop  have  been  built  and  as- 
signed to  other  works. 

On  December  19,  1882,  it  was  decided  to  suspend  such  portion  of  the 
allotment  as  was  not  needed  to  pay  for  plant  which  could  be  utilized 
elsewhere,  and  on  March  16, 1883,  $300,000  of  the  allotment  was  trans- 
ferred to  Flum  Point,  and  the  balance,  tl87,<00,  to  Lake  Providence. 

This  action  of  the  Commission  was  rendered  necessary  by  the  failure 
of  the  liver  and  harbor  bill,  as  it  was  deemed  far  more  important  to  push 
the  works  already  begun  at  Plum  Point  and  Lake  Providence  as  far 
along  as  possible  than  to  attempt,  with  inadequate  means,  to  initiate 
the  improvement  of  another  reach.  Nevertheless,  in  the  interest  of  nav- 
igation, this  improvement  should  be  undertaken  at  as  early  a  date  as 
practicable,  as  the  bars  on  the  reach  were,  during  the  recent  low  water, 
the  shoalest  and  most  troublesome  on  the  river. 

PLUM  POINT  REACH. 

The  work  so  far  decided  on  for  this  reach  comprises  a  system  of  lon- 
gitudinal and  CTOSS  dikes  designed  to  close  the  chutes  behind  Elmot 
Bar  and  Island  No.  30,  a  similar  system  fbr  closing  the  chutes  behind 
Osceola  and  BuUerton  Tow-heads,  and  a  third  system  designed  to 
contract  the  water-way  between  Bullerton  Tow-head  and  Yankee  Bar, 
together  with  bank  revetment  on  the  left  bank  from  Ashport  to  Gold 
Dust,  on  the  right  bank  from  Fletcher's  to  Elmot's,  and  from  Potty's 
to  Craighead  Point,  and  along  the  outside  of  Osceola  and  Bullertoti 
Tow-heads.  Of  this  work  at  the  date  of  the  last  report  there  had  been 
constructed  2,700  feet  of  revetment  near  Ashport,  and  the  head  of  Bul- 
lerton Tow-bead  bad  also  been  protected.  The  longitudinal  dike  of  the 
Elmot  or  Gold  Dust  system  had  been  built  in  part,  as  also  a  dike 
across  the  middle  chute  through  Osceola  Bar.  The  dike  across  the 
head  of  Osceola  Chute  was  completed,  and  the  one  connecting  Osceola 
and  Bullerton  Tow-heads  was  partly  built.  Subsequently  five  cross- 
dikes  were  commenced  in  Elmot  Chute,  and  partly  completed.  Mat- 
tresses were  constructed  along  the  outside  of  Bullerton  and  Osceola  Tow- 
h^uls,  and  wide  foot-mats  along  the  outside  of  the  various  dikes.  Nearly 
all  this  mettress  work  was  afloat  when  the  river  began  rising  in  February, 
1883,  owing  to  the  failure  in  the  stone  supply  before  alluded  to.  At- 
tempts were  made  to  sink  the  mattresses  with  bags  of  sand,  but  with- 
out success.  The  river  rose  very  rapidly,  and  brought  down  immense 
quantities  of  drift,  which  accumulated  under  and  agaiust  the  floating 
mattresses,  and  finally  tore  them  from  their  fastenings.  In  this  manner 
a  large  amount  of  the  mettress  work  which  had  been  constructed  was 
lost,  and  all  attempts  to  renew  it  during  the  high  water  proved  ineffectual. 
In  similar  manner  the  drift  accumulated  against  the  pile  dikes.  The 
foot-mats  were  either  carried  away  or  doubled  up  and  destroyed,  and 
the  i>re€8ure  of  the  masses  of  drift,  aided  no  doubt  by  scour  around  the 
piles,  overturned  a  large  portion  of  the  dikes  which  had  been  constructed. 
These  breaks  in  the  dikes  relieved  considerably  the  pressure  against  the 
remaining  portions,  and  the  greatest  damage  was  confined  to  the  first 
few  weeks  of  the  flood.  Subsequently  these  dikes  were  in  great  part 
reconstructed  in  a  much  more  substantial  manner.     Four  cross-dikes 
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were  ordered  iu  Osceola  Chute,  of  which  three  have  been  constructed? 
and  two  in  Bullerton  Chute,  the  first  of  which  only  has  been  in  part 
constructed,  as  the  chute  has  been  the  channel  during  the  low- water 
season.  It  is  hoped  that  all  these  cross-dikes  can  be  finished  before  the 
close  of  active  operations. 

The  third  system  of  dikes  below  Plum  Point  has  been  begun,  and 
cross-dikes  Nos.  1  and  2,  with  part  of  the  main  dike,  have  been  built. 

In  all,  there  is  now  standing  on  this  reach  37,815  feet  of  pile  dike. 

The  revetment  of  the  outside  of  Bullerton  Tow-head  has  been  com- 
pleted during  the  present  season,  as  also  that  of  the  head  of  Lower 
Osceola  Tow-head.  The  revetment  of  the  outside  of  this  tow-head  could 
not  be  renewed  for  wan4  of  funds.  The  revetment  of  Ashport  has  not 
been  extended  for  the  same  reason.  It  has  remained  intact  during  the 
year.  In  spite  of  the  damage  which  they  sustained,  the  dikes  did  good 
service,  and  a  general  and  extensive  fill  was  noticed  behind  them.  Had 
they  been  held  intact  their  efifect  would  undoubtedly  have  been  much 
greater. 

The  crossing  irom  Plum  Point  to  Bullerton  was  moved  down  stream 
a  considerable  distance,  but  the  failure  of  the  Bullerton  Dikes  enabled 
the  river  ut  low  water  to  cut  through  into  that  chute  and  maintain  a 
channel  there.  It  is,  however,  hoped  and  exjpected  that  the  next  high, 
water  will  break  down  the  bar  outside  and  establish  a  channel  to  the 
left  of  the  tow  head,  where  it  is  desired  to  locate  it. 

The  effect  of  the  partial  concentration  of  the  water  on  those  portions 
of  the  reach  under  improvement  was  very  marked  during  the  late  low- 
water  season.  The  depth  of  water  was  not  less  than  12  feet,  double 
the  amount  found  on  the  unimproved  portions  of  the  river  above  and 
below. 

For  details  of  work  in  this  district  see  report  of  Capt.  J.  6.  D.  Knight, 
Corps  of  Engineers,  Appendix  J. 

SECOND  DISTBICT. 

(Foot  of  Island  No.  40  to  month  of  White  River,  180  miles  in  length.    Officer  in 

charge^  MaJ.  A.  M.  Miller,  Corps  of  Engineers,  U.  S.  A.) 

HKADQUARTBBSf  MBITPHIB,  TKVJX. 

In  this  district  are  included  the  Memphis  and  Helena  Beaches,  the 
first  extending  from  the  foot  of  Islaud  Ko.  40,  220  miles  from  Cairo,  to 
Scanlan's  Landiug,  a  distance  of  27  miles,  aud  the  second  extending  from 
Commerce  Cut-off,  270  miles  from  Cairo,  to  Friai^s  Point,  a  distance  of 
55  miles. 

The  first  reach  includes  Memphis  Harbor. 

MEMPHIS  HAUBOR. 

This  work,  which  has  been  in  progress  jaeveral  years  under  the  Engi- 
neer Department,  United  States  Army,  was  carried  on  last  year  under 
the  supervision  of  the  Commission  and  by  special  allotment  from  the 
general  appropriation. 

The  protection  of  the  caviug  bauk  by  mattress  revetment  from  the 
freight  elevator  to  Wolf  River  wa«  completed  in  February,  1883.  In 
all,  since  our  last  report,  5  mattresses  covering  300  linear  feet  of  bauk 
have  been  constructed  aud  sunk,  and  the  upper  bank  has  been  graded 
and  covered  with  stone  throughout  the  whole  distance,  with  the  excep- 
tion of  two  gaps,  aggregating  450  feet.    This  revetment  passed  through 
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the  ^eat  flood  of  1883  without  any  damage  and  is  reported  iu  perfect 
order. 

MEMPHIS   REACH. 

A  low- water  survey  of  this  reach  has  been  completed,  but  no  project 
for  its  improvement  has  as  yet  been  i)repared. 

It  had  been  the  intention  of  the  Commission  to  begin  work  on  this 
reach,  and  a  considerable  amount  of  plant  was  ordered  for  the  purpose  j 
but  owing  to  the  failure  of  the  appropriation,  work  was  contined  during 
the  year  to  the  construction  of  a  mattress  revetment  in  Tlopefield  Bend, 
where  the  right  bank  was  rapidly  <;aving  and  threatening  the  harbor  of 
Memphis.  This  work  was  begun  in  December,  1882,  and  carried  on  till 
February,  1883,  when  it  was  stopped  by  the  rapidly  rising  river,  1,127 
feet  of  mattress  revetment  having  been  to  that  time  constructed  and 
sonk.  Work  could  not  be  resumed  till  August,  1883,  and  is  still  in  pro- 
gress. To  date  14,485  feet  of  bank  have  been  proteci  ed,  the  under- water 
mattress  being  140  feet  wide.  That  portion  which  was  first  put  in  has 
stood  perfectly  well,  althougli  the  water  was  five  feet  deep  on  top  of  the 
bank  daring  the  flood  of  1883.  It  will  be  necessary  to  carry  this  revet- 
ment down  to  Hopefield  Point,  and  also  to  revet  about  ^  mile  of  the  left 
bank  below  the  mouth  of  Frame  Chute. 

HELENA  REACH. 

A  low- water  survey  of  this  reach  has  been  made,  but  no  project  for 
its  improvement  has  as  yet  been  prepared. 

For  details  of  work  in  this  district  see  report  of  Maj.  A.  M.  Miller, 
United  States  Engineers,  Appendix  K. 

THIRD  DISTRICT. 

(Mouth  of  White  River  to  Warrenton,  Miss.,  220  miles  iu  length.     Officer  io  charge, 

Capt.  W.  L.  Marshall,  Corps  of  Engineers,  U.  8.  A.) 

ESADqUAKTEUS,   ViCKSBUKO,  MlHS. 

In  this  district  are  included  the  Choctaw  Reach,  extending  from 
Cork's  Point,  Arkansas,  422  miles  below  Cairo,  to  Arkansas  City,  a  dis- 
tance of  31  miles;  the  Lake  Providence  Reach,  extending  from  Carolina 
Landing,  Mississippi,  530  miles  below  Cairo,  to  the  foot  of  Island  No.  95, 
a  distance  of  35  miles;  and  also  the  improvement  of  Vicksburg  Harbor. 

CHOCTAW  REACH. 

A  low-water  survey  of  this  reach  has  been  made,  but  no  project  for 
its  improvement  has  as  yet  been  prepared. 

LAKE   PROVIDENCE  REACH. 

At  date  of  last  report  work  on  this  reach  was  going  on  actively,  and 
considerable  progress  had  been  made  on  the  pile  dikes  closing  the  chutes 
l)eliind  Skipwith's  and  Duncansby  Tow-heads,  Island  No.  93,  Bale- 
shed  Bar,  and  Stack  Island ;  and  revetment  was  in  progress  along  the 
face  of  Island  No.  93.  During  the  past  season  this  work  has  been  con- 
tinned,  the  revetment  of  Louisiana  Bend,  has  been  begun,  as  also  the 
dikes  closing  Hopewell  or  Elton  Chute. 

In  Louisiana  Bend  the  work  of  revetting  the  bank  has  been  com- 


10  BEPOBT   OP  THE   MISSISSIPPI   RIYER   COlfBIISSION. 

menced  and  to  date  about  half  a  mile  has  been  completed.  This  U  a 
work  o^feriDg  peculiar  difficulties,  the  water  being  over  100  feet  deep  at 
low  water,  while  at  high  stages  work  is  impossible,  owing  to  the  great 
depth  of  water  and  the  extremely  rapid  current.  This  very  important 
work  was  much  delayed  by  the  difficulty  in  procuring  labor  and  most 
soon  be  stopped  for  lack  of  funds.  The  work  completed  will  be  in  a 
very  precarious  condition  during  the  next  high  water,  as  the  caving 
during  the  last  two  years  has  aggregated  1,500  feet  in  width.  The  hold- 
ing of  this  shore  line  is  absolutely  essential  on  account  of  its  influence 
on  the  direction  of  the  river  below.  The  caving  which  took  plac^  last 
year  caused  considerable  damage  to  the  Buncansby  system  of  dikes,  as 
will  be  described  farther  on. 

The  Duncansby  system  of  dikes  is  intended  to  exclude  the  river  from 
the  left-hand  chute  in  front  of  Duncansby  and  Skipwith's  Landings. 
The  first  series  built  comprised  five  cross-dikes,  and  a  longitudinal 
dike  extending  to  the  lower  tow-head  in  front  of  Skipwith's  Lauding 
The  longitudinal  was  a  high  dike ;  the  cross-dikes  were  only  carried  to 
the  17-foot  stage.  The  channel,  when  the  work  began,  led  into  Skip- 
with's  Chute,  passing  between  the  two  tow-heads.  This  channel  has 
been  completely  silted  up,  and  the  greater  portion  of  the  entire  chute 
is  dry  at  low  water,  but  the  caving  in  Louisiana  Bend,  above  Pilch- 
er's  Point,  during  the  last  high  water,  threw  the  channel  across  the 
river,  striking  high  up  on  the  Mississippi  shore,  and  the  works  at  the 
head  of  the  chute  were  severely  attacked,  and  suffered  considerable 
damage.  As  it  was  deemed  desirable  to  bold  this  line  as  long  as  pos- 
sible, in  order  to  allow  time  for  the  chute  to  fill  up  and  for  the  new  chan- 
nel to  develop  itself  to  the  right  of  the  tow-heads,  three  additional  cross- 
dikes  were  built  in  the  chute,  and  a  screened  dike  above  the  head  of  the 
upper  tow-head.  Later  on  the  head  of  the  tow-head  was  revetted,  but 
the  water  went  entirely  over  it  and  cut  a  channel  through  behina  the 
revetment.  A  heavy  dike  was  also  begun  on  range  Ko.  36,  and  all  the 
upper  dikes  of  the  system  are  being  strengthened,  so  as,  if  possible,  to 
keep  the  fiver  out  of  the  left-hand  chute  during  the  coming  high  water. 

The  Meyersville,  or  Island  No.  93  system,  includes  a  main  dike  and 
three  cross-dikes  on  Cottonwood  Bar,  which  are  not  yet  built,  a  dike 
across  the  head  of  Island  Xo.  93,  built  last  year  to  the  i7-foot  stage,  and 
a  high  cross-dike,  to  30-foot  stage,  built  across  the  chute  at  Me^'ersville 
Landing.  These  dikes  have  proved  quite  effective  and  the  chute  now 
goes  dry  at  low  water. 

Previous  to  the  rise  in  February,  1883,  IJ  miles  of  low-water  revet- 
ment had  been  constructed  on  the  outside  of  Island  No.  93,  and  the  up- 
per bank  protection  had  been  completed  for  1 ,700  feet  at  the  upper  end : 
of  this,  the  last  225  feet  had  not  been  properly  ballasted  for  lack  of 
stone  and  was  carried  away.  All  the  revetment  below  this  point  was 
also  lost  for  lack  of  protection  of  the  upper  bank.  This  work  bad  there- 
fore to  be  renewed  this  season  and  is  now  in  progress. 

At  the  foot  of  Island  No.  93  begins  the  Baleshed  system  of  dikes.  It 
comprises  a  longitudinal  dike  extending  from  the  Mississippi  shore  at 
Homochitto  Landing  to  the  bead  of  Stack  Island.  Behind  this  longi- 
tudinal are  twelve  cross-dikes.  Part  of  the  longitudinal  and  tour  of  the 
crossndikes  were  built  last  year,  but  only  to  the  17-foot  stage.  Subsequent 
to  February,  1883,  and  during  the  high  water,  work  was  carried  on ;  all 
the  cross-dikes  were  rsdsed  and  strengthened,  and  eight  others  were 
built.  All  the  new  dikes  extend  to  above  the  25-foot  stage,  they  are 
built  with  from  3  to  5  rows  of  piles  and  are  wattled  to  a  height  of  6  feet 
above  the  present  bar  surface.    Six  of  the  cross-dikes  are  complete  from 
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the  shore  to  the  longitadiual,  the  six  others  have  not  yet  been  carried 
across  the  deep  water.  All  the  cross-dikes  have  foot  mats,  and  the 
loD^tudinal  has  outside  of  it  a  100-foot  mat  and  a  grillage  mat  and  wat- 
tling wherever  cross  channelshave  been  developed.  The  effect  of  these 
dikes  has  been  very  marked,  a  great  fill  having  been  secured  behind 
them,  with  a  corresponding  deepening  in  the  channel  outside.  In  this 
system  28,000  feet  of  dike  have  been  built  during  the  year. 

Much  trouble  was  experienced  at  Stack  Island  where  the  river  had 
established  itself  in  the  left-hand  cbnte.  This  chute  was  over  80  feet 
deep  at  low  water,  and  the  Elton  or  Hopewell  Chute  on  the  other  side 
of  tiie  river  was  over  30  feet  deep.  The  new  channel,  as  projected, 
crossed  directly  over  Hopewell  Bar.  An  open  pile  dike  was  built 
above  the  head  of  Stack  Island  to  check  the  flow  into  that  chute,  and  six 
short  spurs  from  the  right  bank  were  thrown  across  the  Elton  or  Hope- 
well Chute.  When  these  works  were  completed  the  river  broke  through 
on  the  line  desired,  removing  immense  masses  of  sand  and  establish- 
ing itself  in  the  position  desired.  These  works  must,  however,  doubt- 
less be  extended  in  order  to  keep  it  there. 

The  general  result  of  the  works  has  been  a  very  marked  increase  of 
depth  at  low  water.  During  the  past  season  there  was  not  less  than 
12  feet,  and  at  the  lowest  water  where  the  channel  had  cut  out  there 
was  over  15  feet. 

The  systems  of  construction  described  last  year  have  not  been  ma- 
terially altered  except  in  the  direction  of  giving  greater  strength  to 
the  dikes,  which,  as  now  made,  are  much  stronger,  having  from  3  to  5 
rows  of  piles,  and  being  all  provided  with  foot  mats.  In  3-row  dikes 
the  middle  row  is  wattled,  in  5-row  dykes  the  wattling  is  on  the  2d  and 
4th  rows.  Wattling  has  replaced  the  curtains  or  inclined  mats  used 
last  year,  being  found  cheaper  and  more  eflicient. 

In  revetment  work  the  hurdle  mattresses  described  in  our  last  report 
are  still  used,  the  only  modification  being  the  introduction  alongside 
the  poles  of  jointed  iron  rods  of  f  or  |  inch  iron  for  the  purpose  of  in- 
isreasing  the  longitudinal  strength. 

VIGK8BURO  HARBOR. 

Prior  to  August,  1882,  work  at  this  locality  had  been  for  several  years 
in  progress  under  the  Engineer  Department,  United  States  Army.  Since 
that  time  it  has  been  carried  on  under  the  supervision  of  the  Commission, 
and  has  received  an  allotment  from  the  general  appropriation.  Previous 
to  this  past  season,  work  had  been  confined  to  the  revetment  of  Delta 
Point,  opposite  Yicksburg,  and  the  continuation  of  this  work  was  in 
progress  at  the  date  of  our  last  report.  At  that  time  1,100  feet  of  the 
new  work  had  been  completed.  Subsequently  the  work  was  continued 
with  but  slight  modifications  till  February  10,  when  the  allotment  was 
exhausted.  In  all,  4,000  linear  feet  of  substantial  revetment  was  con- 
structed, leaving  about  500  feet  to  be  built  this  winter.  The  cost  of 
this  revetment,  which  it  is  believed  will  be  rarely,  if  ever,  exceeded,  was 
$13.37  per  linear  foot.  It  ])assed  through  the  last  flood  without  any  dam- 
age, and  seems  to  be  in  every  respect  satisfactory.  The  plan  of  improve- 
ment proposed  for  the  harbor  proper  of  Vicksburg  contemplated  tlie  ex- 
cavation of  a  basin  in  front  of  the  town,  connected  by  a  canal  with  the 
deep  water  in  the  river.  For  this  season  it  was  proposed  to  excavate  a 
basin  300  feet  w^ide  and  1,700  feet  long  in  front  of  the  elevator,  and  to  con- 
nect it  with  deep  water  in  the  lake  by  a  canal  150  feet  wide,  the  west  en- 
trance to  the  lake  being  also  kept  open.    All  dredging  was  to  be  to  the 
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zero  of  the  Vicksburg  gauge.  The  contract  for  this  dredging  was  let  at 
12.1  cents  per  cable  yard  and,  after  many  delays,  work  was  finally  begun 
on  April  5,  and  continued  till  September  11,  when  the  Commission  decidexi 
to  stop  it.  Daring  this  time,  350,035  cubic  yards  of  mud  were  removed. 
The  basin  for  a  width  of  160  feet  was  dredged  to  the  zero  of  the  gauge, 
and  for  a  farther  width  of  160  feet  to  the  reference  4-  5  feet.  The  canal 
was  excavated  for  a  width  of  80  feet  to  the  zero  plane,  and  an  attempt 
was  made  to  dredge  the  west  entrauce  to  the  lake,  which,  since  the  pro- 
ject had  been  approved,  had  filled  up  to  the  extent  of  17  feet  The  ma- 
terial was  hard  sand  and  the  dredging  was  so  difficult  that  it  was  or- 
dered to  be  abandoned  on  August  22.  A^  the  river  fell,  the  sides  of 
the  dredged  basin  slid  in  and  the  bottom  was  pushed  up  by  the  weight 
of  the  soft  mud  lying  beyond  the  dredged  area.  This  upheaval  amounted 
to  about  8  feet  in  depth,  and  the  basin  was  re  excavated  for  a  width  of 
80  feet  to  the  zero  plane.  Meanwhile,  the  continued  fall  of  the  river 
surface  gave  a  considerable  head  to  the  water  impounded  in  the  lake, 
and  it  finally  cut  through  the  sand-bar  at  the  west  entrance,  so  that 
now  boats  drawing  5  feet  are  able  to  enter  at  a  12-foot  stage,  whereas 
before,  at  the  20foot  stage,  all  boats  were  exclude^!. 

This  effect,  while  very  fortunate  for  the  town,  is  in  nowise  perma- 
nent, as  this  cut  will  certainly  fill  up  at  the  next  high  water,  and  may 
not  cut  out  again  so  readily.  A  survey  was  made  at  low  water,  which 
showed  that  since  May,  or  while  the  river  was  declining,  a  fill  had  taken 
place  over  the  area  covered  by  the  proposed  canal  and  basin  amounting 
to  from  5  to  20  feet  in  depth.  Prior  to  May  the  fill  had  only  been  about 
one  foot  On  the  line  of  the  proposed  canal  alone  the  removal  of 
1,255,486  cubic  yards  more  than  originally  estimated  has  already  be- 
come necessary.  It  is  needless  to  say  that  the  Commission,  in  approving 
this  plan,  had  not  anticipated  such  a  state  of  affairs  as  this.  Kepeated 
surveys,  extending  over  the  whole  period  since  the  formation  of  the  cut- 
off", had  shown  that  the  fill,  gradually  diminishing  in  its  yearly  incre- 
ment, had  finally  practically  ceased  as  far  as  the  inner  harbor  was  con- 
cerned, and  only  on  this  condition  could  the  plan  have  been  recom- 
mended. When  confronted  by  such  an  enormous  fill,  taking  place,  more- 
over, on  the  falling  stage  of  the  river,  and  requiring  in  consequence  to 
be  removed  during  the  low- water  stage,  it  became  obviously  necessary  to 
call  a  halt  until  the  matter  could  be  further  investigated.  Such  an  an- 
nual fill  as  this  will  require  $200,000  for  its  removal,  and  as  it  must  be 
done  during  the  low- water  period,  it  would  require  a  large  fleet  of  dredges 
to  accomplish  it.  8ome  changes  have  recently  taken  place  at  Young's 
Point,  and  above  Delta,  which  have  tended  to  throw  the  river  nearer  to 
Vicksburg.  The  eddy  current  up  the  east  arm  of  the  lake  was  ob- 
served to  be  greatly  increased  after  June  1,  and  undoubtedly  caused  the 
gi-eat  deposit.  It  is  quite  possible  that  this  increased  flow  was  due  to 
the  changes  alluded  to.  If  this,  however,  be  the  case,  these  changes 
may  progi*ess  still  further,  and  the  annual  fill  may  become  even  greater; 
in  any  ciise  it  would  be  extremely  unwise  to  attempt  any  further  prose- 
cution of  the  plan  for  the  present.  The  diversion  of  the  Yazoo  into  the 
lake  has  been  proposed  with  a  view  to  keeping  it  open ;  but  this  is  esti- 
mated to  o^st  $1,600,000,  and  the  excavation  of  the  canal  $766,000.  The 
removal  of  the  annual  deposit  will  cost  $200,000,  or  say  $2,600,000  for 
the  whole  project,  with  no  certainty  as  to  the  results.  The  annual  com- 
merce of  Vicksburg  is  10^  millions  of  dollars. 

The  following  projects  have  been  proposed  : 

1st.  To  abandon  the  lake  and  establish  the  town  landing  at  Kleins- 
ton,  holding  Delta  Point  securely  by  ext-ending  the  revetment  This 
latter  must  be  done  in  any  case. 
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2d.  To  dredge  the  west  entrance  annually,  and  to  keep  the  basin  clear. 
This  would  be  temporary,  and  would  cost  at  least  $30,000  per  annam 
after  the  first  year. 

3d.  To  divert  the  Yazoo  into  the  west  arm  of  the  lake,  dredging  ont 
the  basin  and  connecting  canal.  This  would  cost  $1,850,000,  with  am- 
Dual  dredging  to  an  uncertain  amount. 

4th.  To  divert  the  Yazoo  into  the  east  arm  of  the  lake  and  along  the 
city  front,  dredging  out  the  basin  and  canal  to  the  river.  This  would 
cost  $2,600,000  and  would  require  annual  dredging  in  the  canal. 

The  first  project  involves  the  abandonment  of  the  old  harbor  of  Vicks- 
burg,  and  is,  naturally,  extremely  distasteful  to  the  citizens  of  that 
place ;  the  last  two  projects  are  expensive  and  by  no  means  certain  ^ 
while  the  second  can  at  best  be  but  temporary  in  its  eflfects. 

In  the  opinion  of  the  Commission,  further  study  of  the  whole  subject 
is  required  before  any  final  recommendation  can  be  made ;  neverthe- 
less, with  a  view  to  a£fording  relief  to  the  harbor  during  such  time  as 
will  necessarily  be  required  for  this  study,  the  Commission  recommend 
that  during  the  coming  season  an  attempt  be  made  to  carry  out  the 
second  project  above  described,  should  the  conditions  be  found  to  be 
favorable. 

For  details  of  work  in  third  district  see  report  of  Capt.  W.  L.  Mar- 
shall, United  States  Engineers,  Appendix  L, 

FOURTH  DISTRICT, 

(WuTenioD,Miw.,to  Head  of  Pasoos,  484  milea  in  length.    Officer  in  charge,  M^J. 

Arnos  Stickney,  Corps  of  Engineers^  U.  S.  A.) 

ELSADgUABTIUtt  KKW  ORLBAJRSf  La. 

This  district  embraces  the  improvement  of  ]!^atchez  Harbor,  the  recti- 
fication of  Eted  and  Atchafalaya  rivers,  a  lock  at  Bayou  Plaquemines 
and  the  improvement  of  New  Orleans  Harbor. 

NATCHEZ  HiLRBOK. 

A  survey  with  a  view  to  improvement  was  ordered  at  this  place,  but 
owing  to  the  sickly  season  it  has  been  found  impossible  as  yet  to  make 
it.  The  caving  of  the  bank  in  Giles'  Bend  has  not  been  very  great,  but 
that  iu  Marengo  Bend  has  been  more  severe.  The  work  required  is 
bank  revetment,  and  can  be  estimated  on  this  winter. 

RSn  AND  ATCHAFALATA  RIVERS. 

During  the  past  tow  water,  it  again  became  necessary  to  send  dredge 
boats  to  Old  Biver  to  attempt  to  keep  open  navigation  into  the  Bed 
Biver.  Although  they  reached  the  scene  of  operations  while  there  was 
still  a  through  channel  depth  of  not  less  than  5  feet,  the  effort  failed 
utterly,  and,  for  a  period  of  three  or  four  weeks,  navigation  was  entirely 
suspended.  In  fact,  for  a  part  of  this  time,  the  water-way  entirely  dis- 
appeaTe<L 

The  experience  of  this  year  leaves  no  doubt  of  the  absolute  uncer- 
tainty of  any  such  method  of  preserving  navigation,  during  low  water, 
into  Bed  Biver.  While  in  many  years  it  may  succeed,  it  is  utterly  inef- 
ficient in  the  face  of  the  unfavorable  conditions  that  may  recur  any  sea- 
lion.  The  dredging  fleet  cannot  operate  until  the  water  has  fallen  to  a 
rertain  stage.  After  this  stage  is  reached,  it  is  entirely  probable  that 
the  fall  may  continue  so  rapidly  as  to  develop  the  bars  much  faster  than 
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the  dredges  can  remove  them.  The  difficulty  of  maintaining  a  channel 
upwards  of  four  miles  long,  of  navigable  depth  and  width,  in  a  sedi- 
mentary river,  falliug  several  inches  a  day,  with  a  current  unable  to 
scour  from  its  own  debility,  and  the  unctuous  and  adhesive  quality  of 
the  bed  material,  would  seem  to  be  sufficient.  But  it  is  much  increased 
in  unfavorable  years  by  the  falling  of  the  water  more  rapidly  than  the 
blanks  can  dry  out  and  solidify,  or  than  the  overflow  ponds  a  short  dis- 
tance back  can  drain.  On  such  occasions  the  semi-fluid  banks  slough 
down  in  immense  masses,  at  times  entirely  choking  the  water-way. 

These  difficulties  may  recur  any  year,  and  render  uncertain  any  at- 
tempt to  keep  open  Bed  Biver  navigation  by  such  methods,  during  low 
water. 

Still,  as  i!o  better  temporary  method  is  known,  and  as  this  method 
has  succeeded  in  a  majority  of  the  years  in  which  it  has  been  tried,  and 
as  the  commercial  benefits  of  maintaining  water  communication  with  a 
large  producing  region  during  the  months  when  it  is  most  needed  for 
shipments  are  very  great,  exceeding  the  cost  of  dredging  operations,  it 
is  recommended  that^  until  permanentimprovementof  this  navigation  be 
accomplished,  sufficient  appropriation  (as  provided  for  in  the  accom- 
panying estimates)  be  made  to  renew  the  work  of  dredging  at  this  point 
when  it  may  again  become  necessary. 

Surveys  and  examinations  at  this  locality  have  been  prosecuted  under 
almost  equal  difficulties.  Immediately  on  the  subsidence  of  the  last 
flood  parties  were  put  into  the  field  to  secure  information  necessary  for 
the  preparation  of  a  plan  for  the  permanent  improvement  of  the  junc- 
tion of  these  three  rivers;  but,  owing  to  the  natural  difficulties  of  the 
ground  and  the  unhealthfnlness  of  this  region,  their  labors  are  still  in- 
complete. 

Fuller  details  and  discussions  of  these  topics  will  be  found  in  the  re- 
port of  Mf^j.  A.  Sttckney,  United  States  Sugineers,  district  oflioer,  sub- 
mitted as  Appendix  M. 

The  following  brief  description  of  the  existing  regimen,  and  of  the 
conditions  which  must  be  harmonized  in  any  permanent  plan  of  improve- 
ment, as  observed  during  the  past  two  floods,  is  submitted.  The  sec- 
tional area  of  Lower  Old  Biver  has  contracted  considerably,  while  the 
enlargement  of  the  Atchafalaya  has  continued.  These  changes  are 
dearly  the  effect  of  the  floods. 

The  fill  in  Old  Biver  is  the  result  of  the  absence  of  current  during  the 
equilibrium  held  between  that  portion  of  the  flood  coming  down  the 
Mississippi  and  the  overflow  through  the  Tensas  Basin,  re-enforced  by 
Bed  Biver.  The  scour  in  the  Atchafalaya,  considered  in  connection 
with  the  fill  in  Old  Biver,  proves  that  the  volume  causing  it  is  not 
drawn  directly  fh>m  the  Mississippi,  but  rather  from  the  overflow  in  the 
Tensas  Bason.  The  shape  of  the  sand  reefs  left  by  the  flood  current 
substantiates  this.  A  dam  across  Lower  Old  Biver,  therefore,  would  not 
change  the  existing  tendencies  of  the  floods.  The  equilibrium  of  the 
accumulated  mass  of  flood  water  in  this  region  is  first  disturbed  by  a 
decline  in  the  Mississippi,  which  starts  the  current  in  that  direction. 
But  so  immense  is  this  volume  of  overflow  that  the  fall  is  checked  by  it 
when  near  a  bank  Ml  stage.  In  1882  it  lingered  fifty -one  days  between 
the  42  and  41  foot  marks  on  the  gauge  at  Bed  Biver  Landing.  When 
once  within  the  banks,  the  decline  is  more  rapid.  The  fall  of  the  Atcha- 
&laya  is  still  slower  than  that  of  the  Mississippi,  as  in  addition  to  its 
share  of  the  Tensas  it  has  to  collect  and  cari^  off  its  own  overflow, 
which  spreads  ftom.  the  Mississippi  to  the  Tdche. 

The  flow  through  Old  Bivet  towards  the  Atchafolaya  usually  sets  in 
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after  mid-stage  on  the  decline  is  reached,  and  becomes  more  fixed  as  the 
water  cootinnes  to  fall.  These  observations  are  general,  and  a  local  rise 
in  either  the  Mississippi  or  Red  Eiver  may  disturb  or  reverse  the  move- 
ment A  flow  through  the  Old  Biver  to  the  Mississippi  is,  under  pres- 
ent couditions,  advantageous  to  the  navigation  of  the  former  stream,  as 
it  has  greater  velocity  and  less  sediment  than  a  current  in  the  opposite 
direction. 

The  exclusion  of  the  overflow  from  the  Tensas  Basin,  by  the  comple- 
tion of  its  levee  system  to  Blackhawk,  would  prevent  the  equilibrium 
between  the  Mississippi  and  overflow  waters  in  and  about  Old  River 
and  the  head  of  the  Atcfaafalaya,  which  is  noticed  in  floods,  and  would 
tend  to  increase,  both  in  duration  and  amount,  the  flow  from  the  Mis- 
siMippi  down  the  Atchafolaya  by  way  of  Lower  Old  River.  This  change 
would  probably  not  only  prevent  the  further  filling  of  Lower  Old  River, 
bat  would  enlarge  it,  and  nltimately  accelerate  the  enlargement  of  the 
AtchaiMaya.  The  prevention  of  the  escape  of  flood  waters,  complete 
cr  partial,  down  the  Atchafalaya  would  have,  as  an  immediate  effect, 
the  greater  or  less  increase  of  flood  height  in  Old  River,  and  steeper 
dope  from  its  month  down  the  Mississippi.  This  would  precede  the 
ultimate  adjustments  of  the  bed  to  the  increased  volume.  This  subject 
is  farther  discussed  under  the  head  of  levees  and  outlets. 

The  Commission  is  as  mindful  of  the  importance  of  this  part  of  their 
work  as  of  its  difficulties.  Upon  the  completion  of  surveys  and  exami- 
oatioDS  now  in  progress,  full  report.and  recommendations  will  be  made. 

LOCK  AT  BAYOU  PLAQUKMIXB. 

The  surveys  for  this  work  are  not  yet  completed,  having  been  delayed 
by  the  onhealthiness  of  the  past  season. 

KSW^  ORLKANS  HARBOR. 

The  project  for  laying  10,000  feet  of  mattress  revetment  400  feet  wide 
in  Carrollton  Bend  was  approved  Septem1)er  18, 1882.  Work  was  began 
October  9, 1883,  but  has  made  little  progress  to  date,  owing  to  troutde 
in  securing  a  supply  of  brush. 

In  the  third  district  the  plan  of  scouring  out  the  mud  from  under  the 
wharves  by  the  use  of  a  tug  has  been  tried  with  success. 

On  the  right  bank  from  Westwego  to  Algiers  there  has  been  serious 
caving,  involving  much  loss  to  property  of  considerable  present  and 
much  greater  prospective  value.  Fully  40,000  feet  of  bank  will  require 
protection. 

An  interesting  series  of  discharge  observations  were  obtained  at  Gar- 
rollton  between  January  27  and  September  7, 1883.  The  discharge  was 
measured  148  times,  and  the  observations  extended  from  a  2-foot  to  a 
15J-foot  stage. 

For  details  of  work  in  tliis  district  see  report  of  Maj.  Amos  Stickney, 
(Inited  States  Engineers,  Appendix  M. 

PLANT  AND  aBNflRAL  SERVICE. 

There  was  in  use  on  the  work  during  the  past  season  the  following 
plant,  in  part  owned  by  the  Government  and  in  part  chartered : 

Owned  by  the  Oovemment. — One  hnndred  and  eight^'-nine  barges, 
thirty-nine  quarter-boats,  four  screen-boats«  three  machine-shop  boats, 
five  ateam  tow-boats,  one  pumping-boat,  twenty-five  mattress  boats,  four 
hydraulic  graders,  one  steam-tug,  and  sixty-two  pile-drivers. 


16  REPORT   OF   THE    MISSISSIPPI    RIVER   COMMISSION. 

Chartered. — Six  steamers  and  six  barges. 

The  general  service  of  supply  and  towage,  as  well  as  the  construction 
of  plant,  was  throughout  the  year  in  charge  of  Gapt.  C.  B.  Sears,  Corps 
of  Engineers,  United  States  Army,  the  executive  officer  of  the  Commis- 
sion in  the  department  of  construction,  to  whose  report  reference  can 
be  made  for  details.    (See  Appendix  H.) 

Estimates. 

At  a  meeting  held  June  26, 1883,  an  estimate  was  made  for  the  con- 
tinuance of  work  then  in  progress,  and  this  estimate  was  duly  forwarded 
to  Congress  through  the  honorable  the  Secretary  of  War.  At  that  time 
the  Commission  did  not  deem  it  best  to  make  any  recommendation  or 
estimate  in  reference  to  new  works  of  improvement,  the  works  then  in 
progress  being  in  a  comparatively  incomplete  static,  and  their  results  as 
yet  undeveloped.  Since  that  time  the  progress  of  the  works  and  the 
favorable  results  produced  by  them  have  been  such  as  to  warrant  the 
belief  that  work  can  be  undertaken  in  one  or  more  additional  places,  if 
it  shall  be  the  will  of  Congress  to  carry  it  on  simultaneously  in  more 
places  than  those  at  which  it  is  now  in  progress. 

In  this  case  the  Commission  would  recommend  that  the  improvement 
of  "Sew  Madrid  Reach  be  first  undertaken;  and  secondly,  that  of  Mem- 
phis Reach.  y 

Estimates  for  this  work  are  submitted  herewith,  and  the  estimate  pre» 
viously  sent  in  is  repeated. 

L£VE|:S  AND  OUTLETS. 

Work,  under  tl  3  allotment  made  by  the  Commission,  from  the  appro- 
p:(ja4!on  of  August  2, 1882,  has  been  continued  during  the  year  on  those 
^Vees  which  were  not  finished  before  the  flood  of  ISf^.  It  is  expected 
that  all  will  be  completed  before  the  expiration  of  this  year.  More 
detailed  notice  of  this  work  will  be  found  in  the  reports  of  the  district 
officers. 

The  Commission  now  recommends  the  continuation  of  levee  work 
during  the  next  season  on  the  fh)nts  of  the  Tensas  and  Yazoo  Basins. 
*  Surveys  and  examinations^  to  ascertain  the  condition,  cost,  and  effect 
of  levees,  have  been  continued  during  the  past  year.  The  limit  of 
topography  of  the  surveys  extends  back  from  the  river,  to  include  the 
site  and  height  of  all  existing  levees. 

Besides  this,  special  examinations  of  two  distinct  characters  have 
been  undertaken  and  carried  far  enough  to  yield  important  informa- 
tion. 

Ist.  To  ascertain  the  effect  of  outlets,  particularly  in  the  form  of  cre- 
vasses, resnrveys  have  been  made  in  the  neighborhood  of  several  of  the 
great  breaks  of  1882,  to  compare  with  the  general  survey  which  was 
extended  over  the  river  in  the  years  1880  and  1881.  The  result  of  this 
work  is  graphically  shown  and  accompanied  by  descriptive  text  in 
Appendix  D. 

In  every  observed  case  large  loss  of  section  occurred  as  follows : 


Place.  I  CoBtraoiion. 


Square /f§t, 

Haloae'* 2,200 

lUyerton 11,000 

BoUv«r 8,400 

Monnd  Place i  28,800 


Contraction. 


Perenuao*. 
.04 
.14 
,11 
.24 
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The  above  figures  are  the  means  of  namerous  lines  ran  at  each  place. 
It  is  worthy  of  notice  that  the  lat^r  of  these  comparative  surveys  were 
taken  at  lower  stages  of  water  than  the  earlier,  and  therefore,  through 
tlie  bars,  other  things  being  equal,  a  more  deeply  excavated  bed  might 
be  expected  in  the  later  surveys.  But,  as  the  contrary  is  the  ba«e,  it 
may  be  inferred  that  the  observed  net  results  are  decreased  rather  than 
exaggerated  by  the  relative  conditions  prevailing  at  the  time  of  survey. 
Similar  observations  have  been  made  during  the  year  at  Bonnet  Oarr6 
crevasse,  with  this  difference :  the  foregoing  comparisons  were  between 
channels  before  and  after  the  breaking  of  the  crevasses,  while  the  follow- 
ing is  between  achannel  during  the  flow  of  a  crevasse  and  after  its  closure. 
The  results  harmonize.  Through  this  part  of  the  river  (35  miles  above 
New  Orleans)  such  depths  prevail  at  all  stages  that  great  changes  may 
occur  without  affecting  navigation  ;  but  valuable  opportunity  for  ob- 
servation on  crevasse  effects  was  afforded,  at  a  point  where  conflicting 
statements  had  been  made  with  equal  vehemence.  Careful  surveys 
were  therefore  made  while  the  crevasse  remained  open,  and  repeated 
over  the  same  lines,  in  the  fall  of  1883,  after  the  crevasse  was  closed 
and  the  flood  of  that  year  had  passed.  The  final  results  of  this  work 
are  not  yet  prepared,  but  the  change  observed  is  scour  throughout  the 
reach  below  the  crevasse,  amounting  to  approximately  12  per  cent,  of 
the  low- water  area. 

In  the  last  report  of  the  Commission  (Appendix  F,  p.  116)  will  be 
found  the  results  of  ganging  observations  on  the  Mississippi,  at  and 
above  Saint  Louis,  in  the  years  1880  and  1881.  Similar  observations 
were  undertaken  in  the  fall  of  1881,  at  Paducah,  on  the  Ohio,  and  at 
Columbus,  Helena,  Hay's  Landing,  and  Ked  Kiver  Landing,  on  the  Mis- 
sissippi below  Cairo,  and  continued  into  the  fall  of  1^l^3-  The  value  of 
this  series  was  much  enhanced  by  the  fortunate  occu^ «:6nce  in  this  year 
of  the  greatest  recorded  flood.  Accompanying  this  report,  as  Appendix 
F,  will  be  found  the  tabulatiOB  and  plotting  of  their  results.  They 
have  not  been  long  enough  available  to  have  received  complete  inves- 
tigation. Certain  facts,  however,  are  quite  apparent  in  both  series.  It 
is  observable  that  the  rate  of  velocity  and  discharge,  during  a  rise,  in- 
creases more  rapidly  while  the  river  is  still  within  its  banks  than  dur- 
ing the  higher  stages  when  the  banks  are  submerged,  or  escape  occurs 
through  outlets.  At  several  of  the  stations  the  increase  of  velocity  is 
entirdy  arrested  at  about  a  bank-full  stage,  and,  before  that  elevation 
is  reached,  absolutely  greater  velocities,  and  even  discharges,  were  found 
than  at  higher  stages,  when  much  of  the  volume  was  lost  over  the 
banks.  This  phenomenon  probably  continues  while  the  swamps  are 
filUng,  and  the  draft  from  the  river  is  across  the  banks.  After  they  are 
filled  to  or  near  the  height  of  the  river,  this  indirect  motion,  and  its  loss 
of  power,  ceases,  or  becomes  a  very  gentle  one,  generally  parallel  with 
the  river,  forming  what  may  be  termed  a  "  water  bauk.^  It  is  fairly  in- 
ferable from  thiSj  that  if  the  coriditions  under  which  a  certain  curve, 
representing  the  increment  of  velocity  and  discharge,  while  the  river  is 
still  within  its  banks,  was  developed,  were  continued,  the  form  of  the 
curve,  throughout  its  upward  extension,  would  be  maintained,  and  that 
the  additional  height  required  for  levees  to  restrain  maximum  floods 
would  be  less  than  that  computed  alone  from  a  consideration  of  the  in- 
crease of  volume. 

An  illustration  of  the  accuracy  of  this  inference,  as  well  as  of  the  way 
in  which  flood  heights  are  immediately  augmented  within  the  river  bed, 
under  existing  physical  conditions  by  crevasse  outlets,  is  found  in  the 
comparative  conduct  of  the  high  waters  of  188:^  and  1 883,  along  the  front 
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of  the  Yazoo  Baain.  Although  the  volame  discharged  by  theflood  of  1882 
was  unqaestionably  greater  than  that  of  the  subsequent  year,  owing  to 
its  duration,  yet,  from  Cairo  to  Helena  the  waves  attained  heights 
nearly  equal  to  eaeh  other,  and,  in  both  cases,  above  those  of  previous 
records.  The  same  conditions,  as  regards  outlets,  or  the  gaps  in  the 
Saint  Francis  levees,  prevailed  during  the  two  years.  At  Helena,  in 
both  floods,  the  maximum  heights  were  reached  on  the  return  of  the 
overflow  from  the  Saint  Francis  Basin.  But  the  first  of  the  two  floods 
under  consideration  wrought  great  havoc  on  the  levees  at  the  head  of 
and  along  the  upper  part  of  the  front  of  the  Yazoo  Basiu.  Of  1,500,000 
cubic  feet  per  second  gauged  at  Helena  at  the  top  of  the  flood,  one-third, 
or  500,000  cubic  feet,  were  estimated  by  the  assistants  of  the  Gommission 
charged  with  that  duty,  as  escaping  from  the  river  through  these  breaks. 

Notwithstanding  this  depletion,  which  left  in  the  river  bed  a  volume 
not  exceeding  that  w^ich  the  Helena  and  Hay's  Landing  gaugings  in- 
dicate can  be  discharged  at  these  stations  at  a  stage,  respectively,  6  and 
5  feet  lower  than  the  maximum  readings  of  the  year,  or,  approximately, 
at  a  bank-full  stage,  the  greatest  flood  heights  were  reached  along  the 
entire  front  of  the  basin. 

The  most  destructive  work  of  this  phenomenal  flood  was,  however, 
near  the  lower  end.  The  water  leaving  the  river  through  the  crevasses 
at  the  head,  and  along  the  front,  sought  the  lower  levels  near  the  mouth 
of  the  basin.  The  Yazoo  Biver  and  other  branches  of  the  natural  drain- 
age system  were  inadequate  to  afford  it  exit.  It  accumulated  in  the 
basin  to  a  height  of  several  feet  above  the  level  in  the  river,  until,  over- 
topping the  levees,  an  equalization  of  height  was  established  between 
the  river  and  basin,  above  the  mark  that  would  have  been  reached  by 
the  flood  passing  through  a  proper  channel. 

In  1883,  the  flood  wave  reached  Helena  with  approximately  the  same 
height  as  in  the  previous  year,  but  overflow  into  the  Yazoo  Basin  was 
prevented  by  the  holding  of  the  levees  which  had  broken  the  year  be- 
fore.  In  passing  along  the  Yazoo  bottom,  the  wave  did  not  vary  ma- 
terially, in  height,  fh>m  that  of  1882,  until  the  lower  end  was  reached. 
Here,  owing  to  the  ezclasion  of  overflow  from  the  head  of  the  basin,  but 
little  return  flow  to  the  river,  beyond  the  natural  drainage,  occurred, 
and  the  height  of  1882  atVioksburg,  the  nearest  gauge,  was  not  reached 
by  about  Ave  feet. 

While  these  two  floods  attained,  approximately,  the  same  heights 
along  the  part  of  the  river  under  discussion,  the  difference  in  velocity 
was  very  marked.  Gaugings  in  1882,  when  the  overflow  into  the  Yazoo 
Basin  was  enormous,  established  the  sluggish  movement  of  the  water 
during  high  stages.  This  was  also  the  i>er8onal  observation  of  all 
classes  engaged  on  the  river ;  engineers,  steamboatmen,  and  planters. 
In  1883,  when  the  flood  wave  was  excluded  frt>m  the  Yazoo  bottom,  the 
great  velocity  along  its  front  was  universally  noticed  by  the  same  ob- 
servers. 

The  conclusions  to  which  these  facts  contribute  evidence  may  be  thus 
stated.  The  loss  of  volume  through  high- water  outlets  causes  both  a 
diminution  of  velocity  and  a  deflection  of  the  thread  of  movement  of  the 
stream  towards  the  outlet,  accompanied  by  loss  of  the  power  pecessary 
to  transport  the  material  with  which  it  is  loaded.  The  excess  of  load 
is  dropped  in  the  bed,  decreasing  the  section  below  the  outlet.  When 
these  conditions  recur  fluently,  and  are  extended  over  long  parts  of 
the  river,  as  the  front  of  any  one  of  the  great  basins,  where  volume  is 
alternately  reduced  and  augmented,  the  injury  inflicted  on  the  river  as 
a  channel  or  as  a  drain  is  cumulative,  leading  to  general  deterioration. 
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If  the  change  from  low  water  to  flood,  with  its  enormous  range  in  the 
measoreand  direction  of  the  river's  forces,  is  unfavorable  to  the  develop- 
ment of  a  navigable  and  permanent  channel,  or  an  effective  discharge 
section  from  the  different  conditions,  in  the  same  place,  at  different 
times,  it  certainly  increases  these  difficulties  to  allow  the  introduction 
of  different  conditions,  at  the  same  time,  in  different  places. 

The  relief  from  excessive  flood  heights  which  might  have  been  antic- 
ipated from  the  decrease  of  discharge  below  the  outlet  is  not  realized, 
owing  to  the  immediate  diminution  of  velocity,  and  of  vis  m'ra,  and  the 
consequent  contraction  of  sectional  area.  Besides,  the  flood- water  which 
escapes  through  the  outlets  is  returned  to  the  river  at  a  point  lower  down 
under  conditions  which  give  it  a  power  of  increasing  the  flood's  height  to 
an  elevation  which  would  not  have  been  reached  by  the  same  volume 
passing  down  the  legitimate  channel. 

The  facts  observed  during  the  past  year,  of  which  the  moi*e  important 
have  been  here  recapitulated,  have  corroborated  the  views  of  the  Com- 
mission heretofore  expressed  in  reference  to  the  utility  of  levees  as  a 
means  of  channel  improvement.  This  statement  is  made,  as  heretofore, 
with  the  limitation  that  for  purposes  of  channel  improvement  merely, 
the  limit  of  economy  is  reached  with  the  confinement  of  the  ordinary 
flood,  and  does  not  extend  to  the  restraint  of  the  abnormal  or  extraor- 
dinary flood.  The  result  of  this  qualification  is  that  the  building  of 
levees  to  the  height  necessary  to  protect  the  alluvial  basin  from  over- 
flow is  not  necessary  as  part  of  a  logical  plan  of  river  improvement. 
The  work  of  determining  approximately  what  will  be  the  necessary 
height  of  such  system  of  levees  has  been  in  the  hands  of  a  committee 
since  a  time  prior  to  the  last  report,  who  will  report  upon  it  as  soon  as 
the  extensive  investigations  necessary  to  reach  satisfactory  conclusions 
upon  the  subject  can  be  finished. 

In  the  mean  time  it  is  proposed  to  complete  the  closure  of  gaps  in  the 
existing  levees  along  the  Yazoo  and  Tensas  fronts  begun  a  year  ago,  as 
the  most  economical  and  the  shortest  method  of  shutting  off  the  escape 
of  water  into  those  great  reservoirs  and  securing  so  far  the  benebt  of 
the  entire  volume  of  the  river's  ordinary  discharge  in  the  improvement 
of  the  channel.  Beyond  that  the  Commission  is  not  prepared  at  this 
time  to  make  any  specific  recommendation  for  construction  of  levees  as 
a  means  of  channel  improvement,  and  reserves  the  subject  for  further 
consideration. 

The  act  creating  the  Commission  makes  it  the  duty  of  the  Commis- 
sion to  consider  the  subject  of  the  prevention  of  destmctive  floods,  and, 
as  bearing  upon  that  matter,  there  is  submitted  for  information  the  fol- 
lowing summary  of  the  prooable  extent  and  cost  of  such  system  of 
levees  as  would  be  necessary  for  that  purpose. 

It  may  be  stated,  fiirtber,  that  there  are  serious  practical  difficulties 
in  the  way  of  constructing  a  system  of  levees  no  higher  than  would  be 
necessary  for  the  confinement  of  ordinary  floods,  and  at  the  same  time 
protecting  them  against  disastrous  injury  from  the  great  floods  which 
occur  at  irregular  intervals.  The  practicability  and  probable  cost  of 
sach  protection  is  one  of  the  subjects  in  the  hands  of  the  committee 
before  referred  to.  It  is  obvious  that  for  the  secure  protection  of  the 
valley  from  overflow  there  is  necessary  a  system  of  levees  high  and 
strong  enough  to  withstand  the  greatest  flood.  No  other  means  of  pro- 
tection is  praoticable  or  even  possible.  These  facts  suggest  obviously 
the  idf»  of  co-operation  between  the  General  Government  and  the  com- 
munities interested  in  the  prevention  of  overflow  in  the  maintenance 
of  a  levee  system  which  shall  serve  at  the  same  time  the  purpose  of 
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improvement  in  the  channel  and  protection  from  overflow.  And,  as 
preliminary  to  the  consideration  of  such  a  suggestion,  the  probable  cost 
of  such  a  system  is  material. 

2d.  The  other  special  investigation  undertaken  during  the  past  year 
and  alluded  to  above  had  for  its  object  an  estimate  of  the  amount  of 
levee  work  required  to  close  existing  gaps  and  give  such  grades  as  are 
shown  in  the  following  table.  It  is  believed  that  a  grave  misapjprehen- 
siou  prevails  concerning  the  quantity  and  cost  involved  therein. 

While  the  figures  submitted  in  the  following  table  are  not  final,  they 
are  of  sufficient  authority' to  be  used  in  correcting  misleading  state- 
ments and  in  comparing  the  benefits  with  the  cost  of  levees. 

Two  facts  should  be  borne  in  mind : 

First.  For  about  half  the  distance  below  Cairo  only  one  side  of  the 
river  requires  levees.  For  the  remainder  of  this  side  the  hills  are  so 
near,  at  distances  ranging  from  immediate  contact  to  not  over  six  or 
eight  miles,  that  the  loss  of  volume  of  discharge  over  the  interv^ening 
strips  of  bottom  land  is  not  considered  of  grave  importance. 

Second.  By  far  the  greater  part  of  the  required  work  is  now  iu  ex- 
istence, having  been  constructed  by  the  riparian  communities  and  own- 
ers for  the  purpose  of  land  reclamation. 

Eaiimnie  of  cubic  yards  of  earthwork  required  for  Itvees  on  the  Mis8i9sippi  Biver  at  certain 

grades. 


LooBtion. 


Commerce ,  Mo.,  to 
Cairo. 


8 


Cairo  to  Island  No. 
40. 


Island  No.  40  to 
month  of  Saint 
Francis  Riyer. 


Helena  to  month 
of  White  Biver. 


Arkannas  City  to 
Louisiana  lino. 


Lenji^h. 


MUe$. 
35 


220 


75 


80 


Grade. 


Contents. 


2  feet  above 
high  water, 


nign 
1882. 


.do 


. . .  .do 


.do 


I 


00    8  feet  above 
high  water, 


18&. 


OtUricyardt. 
1,008,000 


11, 080, 000 


2.008,000 


1,000,006 


2,003,000 


Komarks. 


No  survey  has  been  made  here.  The 
estimate  is  prorated  per  mile  of  length 
from.line  run  from  Cairo  to  Island  No. 
40.  It  is  believed  to  be  ample,  as  the 
banks  are  not  so  low  as  thoae  below, 
and  the  overflow  is  from  backwater 
having  little  slope. 

This  estimate  is  based  on  special  but- 
vey.  Grade  of  survey  1  foot  above 
high  water,  1882.  Increase  made  by 
adding  one  foot  to  height,  with  pro- 
portionate  section,  to  mean  sectional 
area  over  entire  distance. 

This  estimate  is  made  flrom  snrveys  and 
compntations  made  for  the  purpose 
(see  Appendix  K  5)  with  grade  of  1.5 
feet  above  high  water,  188S.  Tlie 
quantities  for  the  additional  0.5  foot 
is  added  as  above.  . 

The  swamp  basin  (White  River)  back 
of  this  line  is  of  small  capacity  oom- 
pared  with  the  Saint  Francis,  Yusoo. 
and  Tensas.  The  line  has  been  well 
maintained  up  to  1882.  The  above 
amount  is  believed  to  bo  sufficient  for 
necessary  repairs. 

This  estimate  is  based  on  a  special  ear- 
vey  for  alternate  grades  at  high  water, 
1882,  and  1.5  feet  above  this  mark. 
The  difference  between  these  two  is 
338,856  cubic  yards.  Tbe  areraeo 
height  of  the  levees  on  the  opposite 
side  of  the  river  below  Greenville  is 
6.06.  As8uminf[ the samemean height 
on  this  side,  this  amount  is  for  raiHing 
from  6.00  to 7.6B.  The  proportion  car- 
ried out  would  make  the  further  rais- 
ing iVom  7.50  to  0.06,  or  3  feet  abort* 
high  water,  1882.  require  about  424, 000 
cubic  yards,  giving  the  accompanying 
total.  * 
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Estimate  ofcnbie  yards  of  earthwork  required  for  levees  on  Mississippi  Biver,  ^o. — Cont'd. 


Location. 


6    LoniaiaD*  line  to 
I     opposite   War- 
ra&ton. 


7  '  Opposite  Warren- 
'     toatoRedfiiver. 


Bed  Birer  to  forta 
below  Hew  Or- 
leana. 


9    Horn  Lake  to 
Friar'a  Point. 


10  Friar's   Point  to 

Sanflower. 

11  I  Sanflower  to  moatfa 
I    of  Yaroo  Biver. 


12  i  Baton  Rouge  to 
'  forts  below  Kew 
I    Orleans. 


Cost  at  25  cents 
per  cnblo  yard. 


Lengtii. 


Grade. 


MiUs. 

100 


150 


270 


70 


34 


220 


200 


2  feet  above 
bifsli  water, 
1882. 


.do 


.do 


3  feet  above 
hifih  water, 
1882. 


2  feet  above 
hi((h  water, 
1882. 


Contents. 


Bemarks. 


OuMeyards. 
3.426,080 


5, 140, 000 


6,052,000 


1, 276, 000 


620,000 
3,925,000 


>^ 


4,838,000 


45, 775, 080 


$11, 443, 770 


Tbis  is  tbe  estimate  of  tbe  assistant  en- 
gineer in  charge  of  the  line  for  rais- 
ing the  levees  3  feet  for  their  entire 
length.  As  the  gprade  of  the  line  is 
very  uneven,  this  quantity  of  earth- 
work, applied  to  the  lowest  places, 
woola  raise  the  grade  of  the  line 
more  than  8  feet  It  is  believed  to 
be  8ufK<iient  for  a  safe  grade.  (See 
Appendix  — .) 

"So  survey  has  been  made  of  this  line, 
but  the  same  provision  is  made  in  the 
estimate  as  in  that  fVom  the  Loulai- 
aua  line  to  opposito  Warrenton,  viz, 
a  uniform  addition  of  3  feet  over  the 
entire  line,  on  an  assumed  height  of 
6.06  feet 

This  line  is  now  comnleto  in  length,  but 
of  inanifioient  grade.  The  necessity 
for  hiffher  grade  is  explained  in  the 
foUowmg  text.  The  assumed  mean 
height  is  7  feet,  to  be  raised  to  0  feet. 
In  the  execution  of  the  work  much 
the  greater  part  of  tbe  addition  would . 
of  course,  be  made  to  the  upper  part 
of  the  line. 

This  estimate  is  based  on  surveys  and 
computations  made  for  the  purpoee 
(see  Appendix  — ).  An  addition  of 
half  a  foot  is  made  to  the  original, 
making  the  grade  of  this  estimate  2 
feet  above  high  water,  1882. 

There  exist  but  two  breaks  in  this  line, 
bat  the  estimate  is  prorated  per  mile 
Ax>m  the  foregoing  line. 

This  estimate  is  based  on  the  report  of 
the  United  Stateft  assistant  engineer 
and  engineer  of  Misaissipni  leveo  dis- 
trict (see  Appendix  — ).  The  same  re- 
mark applica  to  estimate  from  Louis- 
iana line  to  Warenton  is  true  here. 

The  reniarkn  applied  to  line  from  Bed 
Biver  to  Fortit  is  repeated  here.  The 
conditions  are  precisely  the  same. 


The  Commission  is  not  prepared  to  state  that  these  are  the  exact 
grades  tliat  are  likely  to  be  adopted,  bat  it  is  not  believed  that  grades 
in  excess  of  these,  on  the  average,  will  be  required  for  the  purposes 
8et  forth  in  the  organic  act,  unless  a  change  of  regimen  occurs  from 
Rome  remote  cause,  such  as  the  extensive  clearing  of  the  precipitous 
sides  of  some  of  the  tributary  basins. 

It  has  been  the  experience  of  the  General  Government,  as  well  as  of 
the  riparian  States,  that  such  embankmeut-s  as  the  above  can  be  con- 
strncted  for  an  average  price  not  exceeding  25  cents  per  cubic  yard, 
^nving  a  result  of  $11,443,770. 

Id  conclusion  of  this  subject,  the  Commission  considers  it  necessary 
to  call  the  attention  of  Congress  to  peculiar  conditions  existing  below 
Red  River.  This  section  of  the  river  is  in  a  state  of  much  greater  sta- 
bility than  is  found  in  any  other  part  of  its  course  below  the  junction 
of  the  Missouri.  At  a  short  distance  below  Red  River  it  becomes  nar- 
rower and  deeper.  It  has  been  leveed  throughout  for  a  great  many 
years.  No  flood  complications  arise  here,  as  above,  from  the  return  of 
overflow  water  which  has  escaped  from  the  river  at  points  higher  up. 
This  all  reaches  the  sea  through  the  numerous  delta  bayous  on  either 
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side.  Its  bed,  enlarged  by  levees,  is  fairly  adapted  to  the  drainage 
service  which  has  hitherto  been  imposed  upon  it. 

During  the  floods  of  1874,  1882,  and  1883  this  part  of  the  river  was 
filled  to  its  utmost  capacity.  The  levees  were  a  wash  for  hundreds  of 
miles,  and  the  waves  of  passing  steamers  rolled  over  them.  Many 
disastrous  breaks  occurred. 

The  gaugings  at  OarroUtou  in  1883  showed  that  the  river  at  this 
point  wiis  only  discharging,  at  a  maximum,  about  1,100,000  cubic  feet 
per  second,  while  those  at  lied  River  Landing  in  the  previous  year 
showed  that  double  this  volume,  or  about  2,200,000  feet,  found  its  way 
down  the  valleys  of  the  Mississippi  and  Red  rivers. 

While  it  is  not  anticipated  that  the  completion  of  the  levees  of  the 
Tensas  front  to  within  20  miles  of  Red  River,  and  the  confinement 
within  the  river  of  that  part  of  the  flood  which  has  been  allowed  to  es- 
cape above  will  cause  greater  flood  heights  at  the  mouth  of  Red  River, 
it  seems  certain  that  it  will  have  the  effect  of  increasing  and  making 
constant  the  outlet  of  the  Mississippi  through  Old  River  down  the 
Atchafalaya. 

Measures  that  may  become  necessary  to  prevent  this,  by  diminishing 
the  discharge  of  the  Atchafalaya,  or  by  directing  more  of  the  Red  River 
flow  down  the  Mississippi,  will  throw  into  the  latter  stream  a  volume 
in  excess  of  any  known  discharge.  While  this  increased  volume  would 
undoubtedly  make  room  for  itself  by  ultimate  enlargement  of  section, 
it  could  onlj"  do  so  by  the  work  of  scour,  the  resistance  to  which  would 
be  indicated  and  measured  by  increased  slope,  or  greater  elevation  of 
surface  throughout  that  part  of  the  river  while  undergoing  enlargement. 

Such  additional  service  should  not  be  imposed  upon  a  region  in  which 
have  been  adopted  the  measures  necessary,  under  existing  conditions, 
for  protection  from  inundation,  without  due  preparation  for  the  iiicrea^^ed 
height  which  will  be  given  the  floods. 

LEGISLATION. 

The  Commission  repeats  with  emphasis  the  recommendation  made  in 
three  preceding  reports,  that  provision  be  made  by  law  for  the  appropri- 
ation, by  suitable  proceedings,  of  land  and  material  necessary  in  any 
work  of  Mississippi  River  improvement  undertaken  by  the  Government, 
Within  the  past  year  some  serious  inconvenience  has  been  suflTered  from 
exorbitant  demands  made  by  land-owners  for  brush  and  piles.  These 
materials  are,  in  most  cases,  worth  little  or  nothing  to  the  owner,  and 
are  unsalable  to  any  buyer  except  the  Government  at  any  price.  But 
at  the  prices  some  owners  ask  for  them  they  would  make  a  large  item 
of  cost.  It  is  not  believed  that  there  would  be  frequent  occasions  to  re- 
sort to  condemnation  of  private  property,  if  such  proceedings  were  au- 
thorized, as  in  most  cases  the  existence  of  the  power  would  be  a  suffi- 
cient preventive  of  extortion ;  although  cases  may  arise  in  which  the 
possession  and  exercise  of  the  power  would  be  highly  important. 

It  is  highly  desirable,  also,  that  Congress  shall  prescribe  by  law  the 
extent  to  which  material  found  on  islands  and  bars  in  the  river  may  be 
used  without  payment  of  damages.  It  is  believed  that  the  supreme 
right  of  control  and  improvement  of  rivers  navigable  for  inter-state  com- 
merce which  is  vested  in  the  United  States  carries  with  it  the  right  to 
use  in  the  work  of  improvement,  without  the  consent  of  any  individual 
owner,  all  such  material  as  may  found  within  the  limits  of  the  river  it- 
self, and  constituting  part  of  it.  Upon  this  point  differences  of  opinion 
are  liable  to  arise  between  the  engineers  in  charge  and  riparian  propri- 
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etors,  to  avoid  which  there  should  be  such  express  provision  of  law  as 
will  define  the  respective  rights  of  the  Goverumeut  and  the  private 
owner  as  clearly  as  possible. 

It  is  recommended  also  that  provision  be  made  by  law  for  retaining 
control  by  the  Government  over  areas  of  lands  built  up  from  deposits 
induced  by  the  works  of  improvement  placed  in  the  river  bed.  These 
amount  in  some  instances  to  hundreds  of  acres,  and  in  some  localities 
riparian  owners  may  be  disposed  to  claim  possession  of  them  to  the 
detriment  of  the  improvement.  It  is  expected  that  in  most  such  cases 
it  will  be  found  desirable  to  encourage  the  growth  of  trees  upon  the 
newly  made  banks,  and  occupy  them  in  that  way  for  many  years,  and 
perhaps  permanently. 

It  is  regarded  as  important,  also,  that  a  law  shall  be  enacted  for  the 
punishment  of  any  person  who  shall  make  a  cut-oif  at  any  neck  or  bend 
in  the  Mississippi  Eiver.  The  history  of  the  river  indicates  a  tendency 
to.  recurring  cycles  of  change.  A  cut-oflf  is  followed  by  a  sudden  in- 
crease of  velocity  in  its  vicinity,  and  by  rapid  caving  above  and  below. 
These  are  likely  to  cause  other  cut-oflBs,  one  after  another,  and  there  then 
results  a  widely-extended  and  long-continued  distnrbance  of  the  regi- 
men of  the  river.  During  the  continuance  of  such  a  period,  works  of 
improvement  in  the  channel  would  be  attended  with  the  greatest  diffi-  • 
culty.  JNo  great  cut-off  has  occurred  since  that  at  Vicksburg  in  1876, 
and  the  present  conditions  of  the  river  in  that  respect  are  regarded  as 
&vorable.  But  the  conditions  are  also  existing  for  the  introduction  of 
a  cy<de  of  change  by  the  making  of  a  single  cut-off,  the  injurious  con- 
sequences of  which  it  is  impossible  to  estimate.  Such  events  have  hap- 
pened in  the  past  through  the  lawless  acts  of  individuals,  and  against 
these,  stringent  penalties  should  be  provided. 

m 

FINANCIAL  STATEMENT. 

Appropriation  for  aurvejfs  and  expenses  of  the  Mieeiseippi  River  Commiseion,  act  of  March 

3,  1883. 

Balance  on  band  December  16,  1882 891,780  88 

Appropriated  by  act  approved  March  3,  1883 150,000  00 

Total 241.780  88 

Expended  from  December  16,  1882,  to  November  30,  1883,  including  esti- 
mated liabilities  174,700  00 

Balance  wbicb  it  is  estimated  will  be  required  during  remainder  of  fiscal 
year  ending  June  30,  1884 67,080  88 

241,780  88 


The  estimate  of  funds  for  fiscal  year  1885,  which  was  transmitted  to 
the  honorable  the  Secretary  of  War  on  June  25, 1883,  is  here  repeated. 

E8TIXATK  OF   FUNDS  FOR  SALARIES  AND  EXPENSES  OF  THE  COMMISSION  FOR  NEXT 

FISCAL  YEAR. 

To  eontinne  the  '^  surveys  of  the  Mississippi  River  between  the  Head  of  the 
Passes,  near  its  mouth,  and  its  headwaters,  now  in  pro^res^'' ;  to  make 
^*  additional  surveys  and  examinations  of  said  river  and  it^  tributaries'' ; 
to  make  such  additional  examinations  and  investigations,  topographical, 
hydrographical,  and  hydrometrical,  as  are  necessary  for  maturing  a  pb^u 
for  the  permanent  improvement  of  the  entire  river;  for  salaries  and  ex- 
penses of  the  Commission  •in  travelinc,  mileage,  and  ins])ection,  for 
office  expenses,  computing,  draughting,  &c.,  and  for  publication  of  maps 
and  rodults Ji200,000  00 
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The  estimate  of  fands  for  works  of  improvemeDt  for  the  fiscal  year 
1886,  which  was  transmitted  to  the  honorable  the  Secretary  of  War  on 
Jnne  26, 1883,  is  here  repeated. 

ESTIMATE  OF  FUNDS  FOR  WORKS  OF  IMPROVEMENT  FOR  FISCAL  YEAR  ENDING  JtJNB 

30,  1885. 

For  works  of  imjproyemeut  on  the  Mississippi  River  below  Cairo,  in- 
olndine  works  in  proffress  in  the  Lake  Providence,  Plum  Point,  and 
Mempms  Reaches ;  tne  completion  of  the  closing  of  existing  crev- 
asses and  outlets  on  the  Tensas  and  Yazoo  fronts ;  the  rectification  of 
the  Red  and  Atchafalaya  Rivers,  and  the  harbors  of  Memphis,  Vicks- 
burg,  Natchez,  and  New  Orleans $3,000,000  00 

In  addition  to  the  above,  and  as  explained  in  the  foregoing  report, 
the  Commission  presents  the  following: 

Supplemental  eetimate  far  the  New  Madrid  and  Memphis  Beaches  far  fiscal  year  ending 

June  30,  1885. 

For  work  on  the  New  Madrid  Reach $1,000,000  00 

For  work  on  the  Memphis  Reach 675,000  00 

FINANCIAL  STATEMENTS. 

Appropriation  for  improving  Mississippi  River ,  act  of  August  2, 1882. 

Balance  December  1,  1882 $2,388,000  00 

Amount  expended  to  November  1,  1883,  including  ontstanding  liabili- 
ties (estimated)  to  January  1, 1884,  for  steamboats,  pile-drivers,  and 
other  floating  pliint ;  for  materials,  tools,  supplies,  and  labor,  oontui- 
ning  and  beginning  work  at  Plum  Point,  and  Liake  Providence,  Mem- 
phis, and  New  Madrid ;  for  subsisting  and  quartering  the  labor  em- 
ployed, and  for  payments  on  contracts  for  construction  and  repair  of 

fevoes 1 2,187,730  80 

Balance  available  and  unpledged  January  1, 1884,  and  which  will  be 
required  for  care  of  property  and  maintenance  of  organization  during 
the  remainder  of  the  fiscal  year 200,269  20 

2,388,000  00 
Appropriation  for  New  Orleans  Harbor, 

Balance  on  hand  July  1,  1882 $147,793  81 

Expended  from  July  1,  1882,  to  November  1,  1883 38,414  90 

Balance  available  November  1,  1883 109,378  91 

147, 793  81 
Appropriation  for  improving  mouth  of  Med  River, 

Balance  on  hand  July  1,1882 $90,812  40 

Expended  from  July  1,  1882,  to  November  1, 1883 51,970  66 

Balance  available  November  1, 1883 38,841  74 

90, 812  40 
Appropriation  for  Natchez  Harbor, 

Balance  on  band  July  1,  1882 $8, 252  04 

Expended  from  July  1,  1882,  to  November  1,  1883 2,920  62 

Balance  available  November  1,  1882 5,33142 

8, 252  04 
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Rdsumi, 

Total  amooBte  of  funds  in  Treasory  and  in  hands  of  disbursing  officers, 
November  1,  1883: 

Appropriation  for  improving  Mississippi  River (!844, 717  1^ 

Appropriation  for  New  Orleans  Harbor 109,378  91 

Appropriation  for  month  of  Red  River 38, 841  74 

Appropriation  for  Natchez  Harbor 5,331  42 

Total 998,269  20 

Estimated  liabilities  to  January  1, 1884,  including  retained  percentages 
and  balances  due  on  contract  for  levee  work  and  outstanding  liabil- 
ities for  material  and  labor  on  works  of  construction 798, 000  OO 

Balance  aTailable,  as  above 200,269  20 

0HA8.  E.  SUTBR, 

Major  of  Engineers.  U*  8.  A. 
HENRY  MITCHELL, 

Coast  and  Oeodetio  Survey, 
B.  M.  HARROD. 
,    ROBERT  S.  TAYLOR. 
S.  W.  FERGUSON. 
• 

I  concar  in  the  foregoing  report,  except  so  much  of  it  as  relates  to> 
\evee&  and  oatlets,  on  which  snbject  I  will  submit  my  views  separately* 

C.  B.  COMSTOCK, 
Lieutenant' Colonel  of  Engineers^  and  Brevet  Brigadier-Oeiieral, 

Frenident  Mississippi  River  Commission. 

I  concur  in  the  foregoing  report  of  the  Commissiou,  with  the  single 
qaahficatioB  that  the  value  of  levees  as  a  factor  in  the  problem  of  chan- 
nel improvement  in  preventing  the  wide  dispersion  of  flood  waters,  is 
not  afi&rmed  in  the  report  in  sufficiently  positive  terms,  and  with  that 
clearness  and  prominence  to  which,  in  my  judgment,  it  is  entitled. 

Q.  A.  GILLMORE, 
Colonel  of  Engineers j  Brevet  Major- General^  U.  8.  A. 

As  I  am  unable  to  concur  in  the  part  of  the  report  relating  to  levees, 
I  submit  the  following  remarks : 
The  Commission  state — 

The  act  creating  the  Conunission  makes  it  the  duty  of  the  Commission  to  consider 
the  sahject  of  the  prevention  of  destructive  floods,  and,  as  bearing  upon  that  matter, 
there  is  snbinitte<l  for  information  the  following  summary  of  the  probable  extent  and 
eo«t  of  such  a  system. 

The  Commission  submits  an  estimate  for  levees,  to  prevent  destructive 
floods,  firom  Commerce,  Mo.,  to  the  forts  below  5^'ew  Orleans,  and  pro- 
poses heights  for  them  of  two  or  three  feet  above  the  high  water  of  1882. 
The  cost  of  the  proposed  system  is  estimated  at  $11,44:3,770,  and,  for 
the  reasons  stated  hereafter,  is,  in  my  judgment,  too  small  for  any  ade- 
qaate  system  of  levees  intended  to  prevent  destructive  floods  and  (ex- 
cept at  intervals  of  15  or  20  years)  to  secure  the  property  of  the  inhab- 
itants behind  them  from  danger  of  destruction. 

Before  a  system  of  levees  can  be  planned  the  question  must  be  decided 
whether  it  shall  be  attempted  to  confine  the  greatest  floods,  or  only 
those  somewhat  less  than  the  greatest.    When  it  is  remembered  that 
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the  cost  of  these  levees  will  necessarily  be  great ;  that,  as  they  will  be 
high,  breaks  through  them  will  involve  large  costs  in  repairs ;  that  their 
object  is  to  make  possible  the  safe  existence  behind  them  of  a  large  and 
productive  population  in  the  alluvial  bottoms  they  protect;  that  only 
the  expectation  of  such  a  population  can  justify  the  large  expense  in- 
volved ;  that  breaks  in  the  levees,  when  the  bottoms  are  filled  up  by 
plantations,  would  involve  enormous  loss  of  property ;  that  the  annual 
height  of  floods  in  rivers  is  now  believed  to  increase  as  the  country  they 
drain  is  cleared  up ;  in  view  of  all  these  considerations  it  seems  the  wiser 
plan  to  face  at  once  a  great  flood,  and  to  provide  for  its  confinement  be- 
tween levees. 

It  may  be  said  that  with  interest  at  3  per  cent,  it  would  be  cheaper 
to  allow  great  floods  once  in  ten  or  fifteen  years  to  overtop  and  largely 
damage  the  levees  thau  to  incur  a  greater  expense  to  avoid  an  evil  that 
occurs  only  at  such  intervals  of  time.  But,  as  has  already  been  said,  the 
only  economical  justification  of  the  expense  involved  in  an  efficient 
system  of  levees  is  the  belief  that  in  time  the  whole  region  protected 
from  overflow  shall  become  populated  and  highly  productive.  When 
that  time  approaches  the  damage  done  to  levees  by  floods  which  went 
over  them  would  be  insignificant  in  proportion  to  the  incalculably 
greater  damage  done  to  thQ  population  behind  them. 

Moreover,  great  floods  are  not  rare. 

At  Cairo,  between  1862  and  1883,  inclusive,  four  floods  have  reached 
or  exceeded  a  reading  on  the  guage  of  50.8  feet;  the  highest  known 
readiug  being  52.4  feet,  in  1883.  A  flood  of  51.5  feet  may  then  be  looked 
for  once  in  ten  years. 

At  Memphis,  between  1858 and  1883, inclusive,  the gaugereadinghas 
equaled  or  exceeded  34.0  feet  six  times ;  the  highest  reading  being  35.1 
feet,  in  1882.    A  flood  of  34.5  feet  may  be  expected  once  in  ten  years. 

At  Helena,  between  1867  and  1883,  inclusive,  floods  have  four  times 
equaled  or  exceeded  a  gauge- reading  of  45.8  feet;  the  maximum  being 
47.2  feet,  in  1882.  A  flood  of  46.5  feet  may  be  expected  once  in  ten 
years. 

At  the  mouth  of  White  River,  between  1862  and  1883,  inclusive,  the 
floods  have  five  times  given  a  gauge-reading  of  40.6  feet,  or  more;  the 
highest  being  48.5  feet,  in  1882.  A  flood  of  47.5  feet  may  be  expected 
once  in  ten  years. 

At  Vicksburg,  between  1858  and  1883,  inclusive,  floods  have  four 
times  given  gauge-readings  of  48.8  feet  or  more ;  the  highest  being  51.1 
feet,  in  1862.  In  1882  the  flood  only  reached  48.8  feet,  the  maximum 
since  1867,  and  may  have  had  its  height  diminished  by  the  Vicksburg 
cut-off  of  1876.    A  flood  of  49.0  feet  may  be  exx)ected  once  iu  ten  years. 

At  Natchez,  between  1858  and  1883,  floods  reached  a  gauge-reading 
of  47.9  feet  or  more  five  times ;  the  maximum  being  50.3  feet,  in  1862. 
A  flood  of  48.0  feet  may  be  expected  once  in  ten  years. 

At  Bed  River  Landing, between  1867  and  1883, the  gauge  basin  three 
years  had  a  flood  reading  of  46.3  feet  or  more,  the  maximum  being  48.6 
feet  in  1882.    A  flood  of  47.0  feet  may  be  expected  once  in  ten  years. 

At  Carroll  ton,  floods  have  reached  a  gauge-reading  of  15.4  feet,  or 
more,  five  times  between  1859  and  1883,  the  highest  being  15.9  feet  in 
1862.    A  flood  of  15.6  feet  may  be  expected  once  iu  ten  years. 

These  statements  refer  to  the  river  as  it  has  been  since  1858. 

In  the  preceding  statements  of  floods  that  may  be  expected  once  in 
ten  years,  the  heights  are  adopted  from  an  examination  of  the  heights 
of  the  floods  mentioned. 

The  following  table  recapitulates  the  preceding  information,  and  gives 
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also  the  lowest  readings  on  the  gauges,  with  their  years,  aud  the  high- 
water  readings  in  1882 : 


Stations. 


0 
230 
308 
393 
507 
TOO 
764 
956 


Cairo 

Memphis 

Helena   

White  River 

Viduborg 

Katchez 

Ked  River  Landing 
Canotlton 


water. 

•s, 

Year. 

•** 

-a 

S 



Feet 

52.4 

1883 

35.1 

1882 

47.2 

1882 

48.5 

1882 

51.1 

1802 

50.3 

1862 

48.0 

1882 

15.9 

1862 

u 

It 

o 
■*» 

00 

9 

2 


Feet. 

-1.0 

-1.0 
0.0 
0.0 

-1.3 
0.0 
0.0 

-1.6 


^Ji  d 

«2§JS 

CO  A 

^iiifl 

3S" 

Tear. 

1  * 

fa  >«  S   1 

o 

Feet 

1871 

51.5 

1872 

34.5 

1872 

46.5 

1872 

47.5 

1872 

49.0 

1872 

48.0 

1872 

47.0 

1872 

15.6 

r 


Feet. 
51.8 
35.3 
47.2 
48.5 
48.8 
47.9 
48.6 
15.0 


If  the  figures  in  the  last  two  columns  of  this  table  beconi paired,  it  will 
be  seen  that  in  five  cases  the  flood  of  1882  was  higher  than  the  flood 
that  may  be  expected  once  in  ten  years,  and  in  three  ca*-es  lower,  and 
tbat  in  the  average  of  all  it  was  0.4  foot  higher.  Considering  the  small- 
ness  of  this  excess  above  the  floods  to  be  expected  once  in  ten  years, 
the  fact  that  at  four  places  out  of  eight  the  flood  of  1882  was  not  the 
maximum  flood  ob^jierved  in  the  last  2u  or  25  years,  aud  the  probability 
tliat  the  height  of  floods  will  increase  in  the  future,  it  seems  proper  that 
iu  the  plan  for  any  general  system  of  levees,  if  the  principle  of  keeping 
oat  all  floods,  whatever  their  height,  should  be  surrendered  (a  step  of 
doubtful  advisability),  the  plan  should  at  least  provide  for  holding  a 
flood  like  that  of  1882. 

In  what  follows,  that  flood  will  be  the  one  considered. 

Adopting  the  flood  of  1882  as  the  one  to  be  confined,  the  next  ques- 
tion is  what  height  of  levees  is  necessary. 

From  the  investigations  of  the  Commission,  the  flow  of  the  flood  of 
1882  at  its  maximum  down  the  Mississippi  Valley,  whether  in  the  river 
proi)er  or  in  the  bottom  lands,  is  now  at  least  approximately  known. 
With  a  complete  system  of  levees  on  the  river  banks,  the  whole  of  that 
flow  would  be  confined  between  them. 

The  following  table  gives  the  apprcximate  results  of  the  observations 
of  the  Commission  (many  of  them  not  yet  published)  which  were  made 
on  the  floods  of  1882  and  188^^ : 


stations. 


OolniBhaft    

Fithxm  (eatimated  from  observations  of  1880) 

Helena  

Hay's  lAoding     

^  Hirer  Landing 


Maximum  dis- 
charge observed 
in  flood  of  1882 
in  river  proper. 


Cubic  feet. 
1,600,000 
1.200,000 
1. 540, 000 
1,C'60,000 
1, 600, 000 


Amoantivhich  j 
side  of  river.     1 


Cubic  feet.  I 
200,000 
600,000 
360,000 
040, 000 
600,000 


Cubic  feet. 
1, 800, 000 
1, 800. 000 
1,900.000 
2,000,000 
2, 200, 000 


Obsen-ations  determining  the  relations  between  gauge-readings  and 
corresponding  discharges  were  made  at  several  stations.  K  those  gauge- 
reiidiugs  be  platted  as  ordinates  and  the  corresponding  discharges  as 
abscissas,  the  resulting  broken  line  which  deviates  somewhat  from  a 
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right  line  is  called  a  discharge  curve.  This  discharge  curve  for  the 
rising  river  is  usnally  tolerably  regular  until  the  river  gets  above  its 
banks,  when  it  may  become  irregular  and  complicated  from  the  escape 
^of  water  over  the  banks  and  from  variations  in  the  slope  of  the  main 
river,  due  to  floods  in  tributaries  or  to  return  of  water  from  the  swamps 
into  which  it  had  previously  escaped. 

But  if  the  river  were  leveed  throughout  its  length,  it  seems  probable, 
so  far  as  the  investigations  of  the  Commission  yet  go,  that  at  places  un- 
affected by  tributary  flow  the  discharge  curve  for  the  confined  river  for 
all  stages  would  be  a  continuation  of  that  of  the  unconfined  river  for 
stages  less  than,  or  equal  to,  that  at  which  escape  over  banks  begins. 

If  this  should  be  verified  by  a  complete  study  of  the  subject,  not  yet 
made  by  the  Commission,  the  method  of  determining  the  gauge  reading 
at  ^  place  where  discharge  observations  have  been  made  which  would 
pass  a  given  discharge  with  the  river  thoroughly  leveed,  would  be  to 
prolong  graphically  the  observed  discharge  curve,  continuing  it  with 
the  form  it  had  before  overflow  began  up  till  it  corresponds  to  the  de- 
sired discharge.  The  gauge  reading  corresponding  to  that  discharge 
would  be  the  corresponding  height  of  the  confined  water  surface. 

These  discharge  curves  at  Columbus^  Helena,  Hay's  Landing,  and  Bed 
River  Landing  are  given  in  the  Commission's  report  for  1883.  Any  one 
can  examine  the  result  of  prolonging  them  and  form  an  idea  of  the 
new  gauge  heights,  although  different  persons  would  differ  somewhat 
in  estimating  their  prolongations.  From  the  discharge  measurements 
and  the  observations  of  flood  escape  over  river  banks  in  the  floods  of 
1882  and  1883,  by  Mr.  Johnson  and  Mr.  Stewart,  it  is  known  that  in  the 
flood  of  1882  the  maximum  flow  across  the  latitude  of  Columbus,  Ky., 
was  approximately  1,800,000  cubic  feet  per  second,  which  at  Red  River 
Landing  increased  to  about  2,200,000  cubic  feet. 

With  a  thorough  system  oi  levees  these  quantities  would  have  been 
confined  between  the  levees,  and  the  question  now  is,  how  much  would 
the  levees  have  raised  the  river  surface  above  the  height  it  actually  had 
in  1882! 

At  Columbus,  Ky.,  overflow  begins  at  about  95  feet  on  ttie  gauge  5  a 
prolongation  of  the  discharge  curve  in  the  way  previously  stated  gives  for 
a  discharge  of  1,800,000  cubic  feet  a  stage  about  3  feet  above  the  flood 
of  1882. 

A  discharge  curve  for  Fulton,  Tenn.,  is  given  in  the  Commission  re- 
port for  1881.  A  prolongation  of  that  curve  gives  for  1,800,000  dis- 
charge a  gauge  reading  of  about  72  feet,  or  10  feet  above  the  flood  of 
1882. 

The  maximum  discharge  across  the  latitude  of  Helena,  Ark.,  for  the 
flood  of  1882  may  be  taken  as  1,900,000  cubic  feet.  Prolonging  the 
Helena  discharge-curve  to  this  amount,  the  gauge  reading  is  about  4 
feet  above  high  water  of  1882. 

At  Hay's  Landing,  just  below  Lake  Providence,  the  maximum  dis- 
charge across  its  latitude  in  the  flood  of  1882  may  be  taken  as  2,000,000 
cubic  feet.  The  discharge  curve  prolonged  to  this  amount  gives  a  gauge 
reading  10  feet  above  the  flood  of  1882. 

At  Red  River  Landing  the  question  of  flood  height  with  high  levees 
will  depend  on  the  amount  of  water  that  is  allowed  to  escape  down  the 
Atchafalaya.  The  maximum  observed  discharge  at  Red  River  Landing 
in  1882  was  1,600,000  cubic  feet.  The  estimated  flow  across  the  latitude 
of  Red  River  Landing  was  2,200,000,  so  that  if  200,000  or  300,000  cubic 
feet  were  allowed  to  go  down  the  Atchafalaya,  the  flow  below  Red  River 
Landing  would  be  1,900,000  or  2,000,000  cubic  feet,  so  that  the  raiding 
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of  all  the  levees  below  Red  River  Landing  would  be  necessary  to  hold 
this  increase  of  300,000  or  400,000  cnbic  feet  per  second. 

VThere  there  was  a  flow  of  from  500,000  to  900,000  cubic' feet  per  sec- 
ond down  the  valley,  outside  of  the  river,  in  the  flood  of  1882,  as  was  the 
case  for  long  distances  above  and  below  Fulton  and  Lake  Providence, 
here  will  be  for  long  distances  levees  needed  whose  heights  above 
he  flood  of  1882  will  approach  the  heights  of  those  needed  at  Lake 
Ptovidence  (or  Hay's  Landing)  and  Fulton. 

A  good  system  of  levees  should  rise  3  feet  above  the  expected  heights 
of  the  confined  water.  No  provision  has  been  made  for  this  in  these 
remarks,  because  at  several  points  the  flood  of  1882  was  the  highest  of 
which  we  have  accurate  records,  and  in  this  paper  it  has  not  been 
proposed  to  confine  the  highest  floods,  although  that  is  essential  in  a 
thorough  and  effective  levee  system. 

Xor  has  the  possible  lowering  of  the  river  slope,  which  might  occur 
some  time  after  the  building  of  the  levees,  been  taken  into  account.  The 
lirst  effect  of  building  levees  would  be  to  raise  the  flood  surface.  I 
know  of  no  facts  of  experience  which  give  data  for  determining  either 
the  amount  of  such  ultimate  lowering  or  the  time  required  for  it. 

As  stated  by  the  Commission,  a  thorough  study  of  the  subject  of 
levees  has  not  yet  been  made ;  until  then,  accurate  estimates  are  impos- 
sible, and  the  heights  above  the  flood  of  1882,  of  3  feet  at  Columbus,  10 
feet  at  Fulton,  4  feet  at  Helena,  and  10  feet  at  Lake  Providence,  given 
above,  are  only  approximations.  Such  as  they  are,  they  make.it  im- 
])0S8ible  for  me  to  concur  in  the  stimate  of  $11,443,770  as  the  cost  of 
a  general  system  of  levees  from  Commerce,  Mo.,  to  the  Forts,  adequate 
to  preserve  that  country  from  destructive  floods. 

C.  B.  COMSTOCK, 

Lieutenant' Colonel  of  Engineers,  and  Brevet  Brigadier- General^ 

President  Mississippi  Riter  Commission. 

New  Yobk,  December  22, 1883. 

The  Hon.  RoBT.  T.  Lincoln, 

Secretary  of  War, 

(Through  the  Chief  of  Engineers.) 
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TABLE  OF    TOTAL    EXPENDITURK8,    CONSTRUCTION    DEPARTMENT,   MISSISSIPPI  RIVER 
COMMISSION,  FROM  THE  BEOINNING  OF  CONSTRUCTION  UP  TO  NOVEMBER  1,  1883. 

[CoYering  appropriations  of  March  8, 1881,  and  Angnst  2, 1882.] 

New  Madrid  Reach $209,071  11 

Plum  Point  Reach .' 1,406,216  85 

Memphis  Reach  and  Harbor 268,269  64 

Lake  Providence  Reach 1,225,582  33 

Vickaburg  Harbor 44,5*^2  40 

Delta  Point,  La 49,992  36 

Survey  of  Helena  Reach 7,511  29 

Survey  of  Saint  Francis  front,  first  district 3,312  91 

Survey  of  Saint  Francis  front,  second  district 3, 212  93 

Survey  of  nnleveed  fronts,  third  district 496  96 

Survey  of  nnleveed  fronts,  fourth  district 

Survey  of  Cubitus  Gap 137  14 

Choctaw  Bend  survey 2,679  86 

Observations  at  CarroUton,  La 3,000  00 

Closing  Bonnet  Carr6  Crevasse 15,000  00 

LEVEES. 

Second  District, 
Yazoo  front 79,832  25 

Third  District, 

Tensas  front 291,156  49 

Yazoo  front 313,836  32 

Fourth  District, 

Atchafalaya  front 102,947  22 

Tensasfront 251,630  81 

Total 4,278,41)8  87 

TABLE  OF  TOTAL  EXPENDITURES  FROM  SPECIAL  APPROPRIATIONS. 

Natchez  and  Yidalia  (June  30,  1862,  to  November  30, 1863) |2, 920  62 

Mouth  of  Red  River  (to  November  1, 1883) 51,970  66 

New  Orleans  Harbor  (July  1, 1882,  to  November  1, 1883) 38, 414  90 

Total 93,306  18 

Total  from  all  appropriations 4,371,715  05 

Respectfully  submitted. 

CLINTON  B.  SEARS,  / 

Captain  Engineers ^  U,  S,  A,, 
Secretary  Ckmstruction  Committse,  Mississippi  Biver  dmtmissian. 
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APPENDIX  A. 

assval  report  of  thb  secretary  of  the  commission  upon  the  field  work 

of  surveys  and  examinations. 

Office  of  Mississippi  River  Commission, 

2828  Washington  avenue. 
Saint  Louis,  November  13,  1883. 

General:  I  have  the  honor  to  submit  the  following  report  of  surveys  and  examin- 
»tioD8  during  the  fiscal  year  ending  June  :30,  ld83: 

Outfit, — During  the  year  the  fleet  was  increased  to  accommodate  three  topographical 
partiefl  by  the  addition  of  two  new  boats,  named  the  Illinois  and  KeutncKy,  counter- 
parts, respectively,  of  the  MissisHippi  and  Louisiana. 

The  old  boats  have  been  thoroughly  repaired,  and  the  Pioneer  enlarged.  One  of 
the  iron  launches  wras  lost  in  a  storm  at  Helena,  about  the  end  of  October.  After 
wveral  days'  search  by  a  snag-boat,  it  was  conceded  to  be  impossible  to  recover  it, 
and  the  attempt  was  abandoned. 

The  tug  Mignon  and  survey  boat  Missouri  were  inspected  by  Captain  Marshall 
00  February  10,  and  his  recommendations  that  the  Missouri  and  the  hull  of  the  Mig- 
non be  abandoned,  the  machinery  of  the  latter  being  taken  out,  having  been  approved 
by  the  Chief  of  Engineers,  have  been  carried  into  effect. 

Itutruments, — The  old  instruments  were  thoroughly  repaired,  as  noted  in  last  report. 
The  following  have  been  purchased  during  the  year:  4  transits,  3  Wye  levels,  4  sex- 
tants, 3  prismatic  compasses,  2  pedometers,  2  hand  levels. 

There  have  been  transferred  to  this  appropriation  from  that  for  the  survey  of 
Northern  and  Northwestern  Lakes:  1  chronometer,  1  iron  standard  bar,  1  standard 
meter. 

Organizaiiom  and  methods. — The  only  change  to  be  noted  is  in  the  programme  for 
pieciae  leveling,  in  which  the  instructions  have  been  so  modified  as  to  require  that 
each  observer  shall  duplicate  his  own  work  in  opposite  direction,  so  as  to  form  a  loop 
beginning  and  ending  on  the  same  bench.  In  this  connection  attention  is  invited  to 
a  report  by  Astfistant  L.  L.  Wheeler  on  cumulative  errors,  submitted  herewith. 

Progress  and  cost. — Precise  levels  were  carried  from  Carrollton  to  the  tide  gauge  at 
Biloxi,  87  miles;  fn>m  Keokuk  to  Fulton,  171  miles;  and  from  Fulton  to  Savannan,  21 
miles.  The  last  section  is  a  part  of  the  continuation  of  the  line  to  Chicago,  which 
has  since  been  completed. 

The  co«t  of  the  work  in  the  other  sections  was  as  follows : 

CarroUtoo  to  Biloxi : 

Total  field  cost #2,778  36 

Cost  per  mile  of  duplicated  work .' 31  93 

Keokuk  to  Fulton: 

Total  field  cost 3,252  06 

Cost  per  mile  of  duplicated  work 19  08 

Cost  per  mile  of  river    19  02 

ATerage  cost  per  mile  of  duplicated  work  for  the  two  sections :^46 

The  work  on  the  CarroUton-Biloxi  section  was  undertaken  during  the  windy  season 
ou  the  Golf  coast,  and,  to  meet  this  contingency,  observing  tents  were  provided.  This 
was  their  first  use  in  our  work,  and  they  were  fonnd  ot  such  great  advantage  that 
they  have  been  employed  on  subsequent  work,  and  have  enabled  much  windy  weather 
to  be  utilized. 

This  section  was  along  a  line  of  railroad,  and  a  hand -car  was  kindly  loaned  by  the 
company  for  transportation.  It  was  fonnd  to  so  materially  contribute  to  the  progress 
of  the  party,  that  on  subsequent  work,  lying  along  a  railway  line,  a  hand-car  was 
purchased  and  added  to  the  outfit  of  the  party. 

The  tabnlatiHl  results  of  the  final  computation  for  the  above  lines,  and  also  for  th» 
line  from  Grafton  to  Keokuk,  noted  in  uie  last  annual  report,  are  herewith  sabmii^ 
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ted,  with  field  reporfs  by  Assistant-e  J.  B.  Johnson  and  J.  A.  Paige,  and  report  on  re- 
dnction  by  Assistunt  L.  L.  Wheeler. 

Topography  and  hydrography  was  carried  from  ArkanAas  City  to  Greenville,  36  mile«y. 
and  nrom  Lake  Providence  to  Donaldnonville,  353  miles;  a  total  of  389  miles.  Three 
parties  were  engaged  on  this  work,  and  their  performance  maybe  summarized  as  fol- 
lows: 

Pfrst  party,  Assistant  J.  A.  Ockerson,  Arkansas  City  to  Greenville,  and  Natchez  to 
Bayon  Sara: 

Number  of  miles  of  river 136 

Number  of  square  miles  of  topography 321 

Number  of  square  miles  of  hydrography 75 

Total  area  surveyed  in  square  miles 396 

Total  field  cost |23,607  87 

Cost  per  mile  of  river 173  59 

Cost  per  square  mile  of  survey 59  62 

Second  party.  Assistant  L.  L.  Wheeler,  Warrenton  to  Natchez: 

Number  of  miles  of  river 95 

Number  of  square  miles  of  topography 217 

Number  of  square  miles  of  hydrography 63 

Total  area  surveyed  in  square  miles 280 

Total  field  cost $17,879  41 

Cost  per  mile  of  river 192  25 

Cost  per  square  mile  of  survey 63  86 

In  connection  with  the  work  of  this  party  the  sections  of  the  previous  survey,  f^om 
Malone's  to  Australia,  from  Riverton  to  head  of  Ozark  Island,  ftom  Bolivar  to  Cypress 
Creek,  and  from  Mound  Place  to  Arkansas  Citj',  were  resounded. 

The  sections  named  are  at  and  below  the  principal  crevasses  of  the  flood  of  1882. 
This  work  comprised  21  square  miles  of  hydrography,  costing  $57.65  per  square  mile. 

Third  party,  Assistant  C.  M.  Winchell,  Lake  Providence  to  Warrenton,  and 
Bayou  Sara  to  Donaldsonville : 

Number  of  miles  of  river 160 

Number  of  square  miles  of  topography 370 

Number  of  square  miles  of  hydrography 89 

Total  area  surveyed,  square  miles 450 

Total  field  cost $23,127  85 

Cost  per  mile  of  river 144  54 

Cost  per  square  mile  of  survey 50  39 

For  the  three  parties : 

Total  area  surveyed,  square  miles 1,136 

Cost  per  square  mile $56  93 

Field  reports  on  the  above  work  by  assistants  Ockerson,  Winchell,  Wheeler,  and 
Wood,H.  B.,  are  submitted  herewith. 

Transalluvial  levels  were  completed  on  the  following  lines: 

No.  5.  Up  Cypress  Creek. 

No.  6.  Grand  Lake  to  Ba^ou  Ma^ on  Hills. 

No.  7.  Lake  Providence  to  Yazoo  City. 

No.  8.  Saint  Joseph,  west  to  high  land. 

No.  9.  Fort  Adams  to  Avoyelles  Prairie,  and  thence  across  Bayou  B<Buf  and  Red 
River. 

The  total  distance  of  164  miles  was  accomplished  in  a  season  of  174  days. 

The  total  field  cost  was  $5,318.90,  giving  a  cost  per  mile  of  $32.43. 

A  report,  by  Assistant  E.  S.  Davis,  of  the  entire  work  is  submitted  herewith. 

Observations  to  determine  the  escape  of  water  from  the  river  were  made  from  Cairo 
to  Vicksburg  at  the  top  of  the  flood  of  188:).  Below  Yicksburg  the  flood  was  not  of 
sufficient  magnitude  to  warrant  the  continuance  of  the  observations. 

Determination  of  high- water  marks  have  been  continued,  and  the  low- water  pro- 
file was  extended  from  Commerce  to  Na*'chez. 

The  observation  parties  mentioned  in  last  report  as  having  begnn  work  at  Padncah, 
Columbus,  Helena,  Hays'  Landing,  aud  Red  River  Landing,  continued  the  measure* 
ment  of  sections  and  discharges  during  a  year,  at  the  expiration  of  which  they  were 
disbanded.  The  results  have  been  partially  reduced,  checked,  and  tabulated  in  the 
office,  and  are  herewith  submitted,  together  with  reports  of  the  chiefs  of  the  parties 
at  Paiaucah,  Columbus,  Hay^  Landing,  and  Red  River  Landing. 

To  ascertain  the  effect  of  the  closure  of  Bonnet  Carr^  crevasse,  a  hydrographic  sar* 
vey  of  6  miles  in  frout  of  it  was  made  in  November,  18ti2.  This  survey  is  now,  Novem* 
ber,  1883,  being  repeated. 


BEPOBT   OF  THE   MISSISSIPPI   RIVER   COMMISSION.  37 

A  resorvey  of  the  Atcbafalaya  was  made  in  December,  1882,  and  January,  1883,  to 
determine  by  comparison  with  a  previous  survey,  the  amount  of  enlargement  of  that 
8tream. 

I  am  glad  of  another  opportunity  of  brining  to  the  attention  of  the  committee  the 
Eea]ou8  and  efiScient  services  rendered  by  the  assistant  engineers  and  other  employ^ 
of  the  Commission. 

The  pernuinent  force  was  somewhat  increased  during  the  year  by  the  retention  of 
the  principal  officers  of  the  third  topographical  party.  The  grade  of  work  has  been 
hifher  than  we  have  heretofore  attained.  This  has  been  accompanied  bv  a  marked 
redaction  of  cost,  due  to  the  increase  of  rate.  These  gratifying  results  are  largely  due 
to  the  policy  heretofore  pursued,  of  so  arranging  the  work  in  field  and  office  as  to 
sdmit  of  its  being  done  by  a  comparatively  small  force,  kept  continuously  employed. 
The  slight  disadvantages  whicn  this  system  presents  are  repaid  a  hundred  fold  by 
the  personal  interest  in,  and  enthusiasm  for,  the  work  shown  by  a  verjr  large  majority 
of  those  engaged  upon  it;  without  which  the  results  sets  forth  in  this  report  would 
have  bren  impossible. 

A  feature  of  the  office  work  of  the  past  year  has  been  the  successful  substitution 
of  printing  from  types  for  hand-lettering  on  our  detail  sheets.  The  cost  is  very  much 
reduced,  and  the  appearance,  of  the  charts  improved.  In  this  connection  the  services 
of  Hr.  J.  A.  Ockerson  are  deserving  of  especial  mention. 

For  details  of  expenditures,  the  committee  is  respectfully  referred  to  the  itemized 
statement  of  expenditures  su omitted  to  the  Commission. 
Very  respectfully,  your  obedient  servant, 

SMITH  8.  LEACH, 
FirBi  Lieutenant  of  Engineers,  Secretary. 
To  General  C.  B.  Combtock, 

Preeident  Mieeissippi  JRiver  Commiseionf  and 

Chairman  Ccmmittee  on  Surveys  and  Sxaminations. 


APPENDIX  B. 

FIKAL  RXFORT  UPON  A  SECONDARY  TRIAKOULATION  OF  THR  MISSISSIPPI  RIYBR  BK- 
TWKEN  CAUBO,  ILL.,  AND  KEOKUK,  IOWA.,  EXECUTED  UNDER  TME  ORDERS  OF  THE 
MISSISSIPPI  RIVER  COMMISSION,   lti80-'81. 

Office  Mississippi  River  Commission, 

Saint  LouiSf  Mo,^  December  1,  1883. 

General:  I  have  the  honor  to  submit  herewith  a  memorandum  compiled  from  the 
records  of  this  office,  relative  to  the  secondary  triangnlatiou  from  Cairo  to  Keokuk, 
accompanied  by  the  results  in  tabular  form,  and  a  sketch  of  the  system,  the  whole 
iotencled  to  form  a  final  report  upon  this  portion  of  the  work. 
Very  respectfully,  your  obedient  servant, 

SMITH  8.  LEACH, 
First  Lieutenant  of  Engineers,  Secrttary. 
General  C.  B.  CoMSTOCK, 

President  Miseiesipf/i  iticer  Commission  and 

Chairman  of  Committee  on  Surveys  and  Examinations. 

1.— The  system  is  compose<l  of  146  principal  stations  and  4  auxiliary  stations,  to 
coQDect  the  triangnlatiou  with  the  Chester  and  Cape  Lacroix  bases.  Most  of  the 
flUtioiis  are  situated  on  the  bluffs  on  either  side  of  the  valley.  They  are  connected 
by  97  single  triangles,  20  quadrilaterals,  3  pentagons,  and  1  hexagon. 

11. — The  work  depends  on  the  following  knowo  lines: 

1.  A  secondary  base  at  Cairo,  measured  by  a  party  of  the  United  States  Lake  Sur- 
rey. The  length  and  azimuth  of  this  base  and  the  geodetic  co-ordinates  of  its  ex- 
tremittes  were  furnished  by  the  ofiBce  of  that  survey.  It/S  length  is  1,646.78  mtters. 
(For  description  of  this  base,  see  Report  of  Chief  of  Engineers  for  1877,  Part  II, 
pa^e  1196.) 

1.  A  secondary  base  at  Chester.  The  lenirth  and  azimuth  of  this  base  were  deter- 
miaed  by  Assistant  G.  T.  Wisner  in  18d0.    Its  length  is  3,255.07  meters. 

3.  The  Hue  Dryer-Insane  Asylum,  at  Saint  Louis.  This  line  was  furnished  by  the 
office  of  the  Coast  and  Geodetic  Survey.  It  depends  for  length  and  azimuth  upon  the 
American  Bottom  base,  opposite  Saint  Louis,  and  for  geodetic  co-ordinates  of  its  ex- 
tremities, on  the  Saint  Louis  astronomical  post.  It  is  in  the  fifth  triangle  flrom  the 
l*«e.    Its  lensth  is  13,331.3  meters. 

4.  A  aecon&ry  base  near  Grafton,  measured  by  Assistant  Wisner  in  1881.     The 
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azimath  of  a  line  near  this  base  was  determined,  but  not  with  safficieut  accuraoy  to 
be  nsed,  except  as  a  check.    The  length  of  the  base  is  2,031.61  meters. 

5.  A  secondary  base  at  ^^ouisiana.  The  length  and  azimuth  of  this  base  were  de- 
termined by  Assistant  Wisner  in  1881.  The  base  was  connected  with  the  Lonisiana 
astronomical  post.  For  description  of  this  post,  see  Report  of  Chief  of  Engineers  for 
1679,  page  1918.    The  base  is  2,705.10  meters  in  lengtb. 

6.  A  secondary  base  at  Keokuk,  measured  by  Assistant  Wisner  in  1881.  The  azi- 
muth of  base  was  determined  by  Assistant  John  Eisenmann  in  same  year.  Its  length 
is  1,297.38  meters. 

A  base  was  also  measured,  with  steel  tape,  at  Cape  Lacroix,  but  was  used  only  aa 
a  check. 

III. — The  following  instruments  were  used : 

Repsold  universal  instrument  No.  1.  Diameter  of  horizontal  limb  10  inches.*  Limb 
graduated  to  4  minut.es,  reads  by  two  microscopes  to  2  seconds.  Angles  measured  in 
order  aronud  the  station,  positive  and  negative,  direct  and  reversed.  Eight  sets  were 
taken  uniformly  distributed  over  the  linib,  giving  16  pointings  at  each  station. 

Troughton  <&  Simms  No.  1.  Diameter  of  horizontal  limb,  10  inches.  Limb  grad- 
uated to  5  minutes,  reading  by  two  microscopes  to  one  second.  Programme  same  aa 
for  Repsold. 

Troughton  &  Simms  No.  2  (of  the  Mississippi  River  Commission).  Same  as  Trough- 
ton  &  Simms  No.  1.     Programme  same  as  for  Repsold. 

Troughton  &  Simms  No.  2  (of  the  Lake  Survey).  Diameter  of  horizontal  limb,  12 
inches.  Limb  graduated  to  5  mi  antes  reading,  by  two  microscopes  to  one  second. 
Programme  same  as  for  Repsold. 

None  of  the  instruments  closed  the  horizon.  The  limit  of  closure  of  triangles  was  6 
seconds.  The  instruments  were  mounted  on  tripods  of  rough  timber,  which  were  left 
standing.  The  observer  stood  on  a  platform  disconnected  from  the  instrument  sup- 
port. 

The  stations  were  marked  by  stones  3  feet  in  length,  dressed  to  6  by  6  inches  at  one 
end,  the  balance  rough.  A  small  hole  wa«  drilled  in  the  top.  They  were  planted 
vertically,  the  top  projecting  but  a  tew  inches  al>ove  ground. 

The  targets  used  in  the  trian^ulation  from  Cairo  to  Grafton  were  octagonal  poles 
covered  with  alternate  zones  ol  black  and  whit«  eloth.  A  nail  in  the  bottom  was  set 
in  the  hole  in  the  top  of  the  marking  stone,  and  the  target  was  then  plumbed.  When 
the  station  was  occupied  the  t-arget  was  removed  and  reset  before  leaving. 

For  the  greater  part  of  the  stretch  from  Orafton  to  Keokuk  the  target  used  con- 
sisted of  four  parallel  wires  fastened  at  bottom  to  a  circular  block  by  a  wire  ring,  and 
fastened  above  by  three  other  horizontal  wire  rings,  which,  with  the  block  at  bottom, 
divided  the  target  into  three  sections.  Strips  of  white  cloth  were  fastened  to  oppo- 
site wires  of  the  first  and  third  sections,  one  strip  to  each  section,  and  at  right  anglea 
to  each  other.  A  strip  of  black  cloth  was  fastened  at  an  angle  with  the  waite  stiipa 
to  two  auxiliary  wires  attached  to  the  second  and  third  rings. 

This  target  gave  no  phase,  and  presented  an  illuminated  surface  whether  the  sun 
was  before  or  behind  it.  To  sunpoit  the  target  a  cross-piece  was  fastened,  to  the  top 
of  the  platform  which  supported  the  observer,  and  above  the  observer's  head.  A  hole 
in  the  cross-piece  was  centered  over  the  hole  in  the  marking  stone.  A  nail  projeoting 
from  the  block  at  bottom  of  target  was  placed  in  this  hole,  and  the  target  was  then 
plumbed  and  f;uyed  to  the  corners  of  the  platform.  The  target  was  not  disturbed 
when  the  station  was  occupied. 

IV. — For  the  preliminary  reduction  single  triangles  were  adjusted  to  closure  (quad- 
rilaterals and  pentagons  were  adjusted  to  satisfy  local  conditions),  side  and  azimuth 
equations  being  neglected.  The  lengths  and  azimuths  of  sides  were  then  computed 
for  the  stretches  given  below.    The  discrepancies  were: 


From— 


To— 


Number 
of 


Diaoreponoies. 


Cairo !  Chenter.... 

Chester Saint  Loais 


Saint  Louis 
Orafton . . . 
LoidsiaBa. 


Grafton... 
Louisiana. 
Keoknk  . . 


t'*"*^**-     In  length. 


39 
28 
35 
22 
2S 


1 
1 
1 
1 
1 


0,000 

100.000 

80,000 

13,000 

25.000 


lu  aiimnth. 


Ofrf.— eompt. 

+21.8 

+  9.3 

Y-iai 

+  4.8 


*  Krroneooely  stated  as  12  inches  in  previona  reports, 
t  Saint  Loais  to  Louisiana. 
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The  final  redootion  was  made  separately  for  each  of  the  five  stretches  into  which 
the  work  was  divided  by  the  six  known  lines  before  enumerated.  It  consisted  of  a 
least  aqnare  adjustment,  in  which  the  observed  lengths  and  azimuths  of  bases  weie 
awmned  as  correct,  and  all  angles  were  given  equal  weight. 

The  conditions  to  be  satisfied  by  the  finally  adjusted  angles  were  that  all  triangles 
should  close,  and  that  the  computed  lengths  and  azimuths  of  bases  should  agree  with 
their  measureil  lengths  and  azimuths.  The  geodetic  co-ordinates  were  then  computed, 
all  latitudes  and  longitudes  being  referred  to  the  Cairo  astronomical  post. 

The  final  discrepancies  between  the  observed  values  of  latitudes,  lons'itndes,  and 
azimuths  and  the  corresponding  values  as  computed  from  Cairo,  are  as  foUows : 


Lfttitade.     !  Ix>ngitQde.  ,     Aslmnth. 


Obs.—eomp.  '  Obt.—eomp.  '  Obs.—wmp, 


BiialLoiils. 
LottUiMia .. 
Keokuk.... 


•+6.13 

-1-4.77 
+i.56 


// 


-2.00 
-LOO 


n 

-0.12 
+0.17 

+ao4 

-0.02 


*  Latitude  at  Chester  only  approximate. 

A  special  report  on  the  least  sqnare  adjustment  of  the  stretcli  from  Cairo  to  Grafton, 
mpared  by  Assistant  6.  Y.  Wisner,  who  made  the  computation,  may  be  found  in  the 
Beport  of  the  Mississippi  Kiver  Commission  for  lbH2,  page  62. 

Tabulated  resuUa  of  secondary  triangulaiion  from  Cairo  to  Eeokuk. 


roL 

Stations. 

Obserred 
angles. 

Acynst'd 
aoglee. 

ti 

60.76 
19.71 
49.55 
00.01 

01.33 
04.66 
54.04 
00.08 

24.98 
25.54 

09.55 
00.02 

49.82 
09.45 
60.94 
00.01 

01.80 
11.24 

Distance. 

Utter: 
1,646.78 
2,851.28 
1,866.65 

2,851.26 
4, 239. 74 
4, 148. 21 

4,239.74 
1,869.71 
8, 074. 38 

1, 869. 71 
8.080.67 
2,449.50 

2,449.59 
1.511.80 

Asimnth. 

Of" 

172  82  07. 19 

80  57  21.  68 

244  11  35. 51 

80  57  21. 68 
142  88  41. 30 
282  52  44.  56 

142  88  41.80 
258  36  13. 06 
348  41  47.25 

253  86  18. 06 

126  17  06. 25 
343  38  06. 61 

163  88  23.44 

46  53  17. 85 

806  17  38.40 

46  53  17. 85 
165  35  55. 85 

811  38  ia28 

165  35  55u  85 
71  44  52. 02 

812  10  58.60 

71  44  52.92 
135  22  40.37 
287  01  18.  52 

185  22  40. 87 

23  47  1&  12 

257  25  51. 13 

28  47  18. 12 
112  10  48.48 
262  02  52. 91 

Latitnde. 

Longitude. 

South  Ba«e 

O       1          (t 

108  19  51. 58 

38  25  19.24 
88  14  50. 76 

01.58 

71  57  02.60 
68  18  08. 10 

39  44  55.05 

05.75 

26  03  27.60 

60  01  27. 70 
84  55  06.64 

03.04 

80  57  49. 24 

52  40  08.50 
87  21  59. 04 

56.78 

87  20  03.76 
68  15  12. 28 

79  24  49. 15 

0&19 

84  45  43.83 

61  16  55. 87 
38  57  20. 12 

50.02 

38  24  07. 12 

86  09  12.54 

60  20  40. 00 

50.66 

85  17  40. 47 
116  21  83. 05 

28  20  44.54 
5a  06 

67  (if  51.00 

68  25  11.03 

53  88  52.82 

54.96 

58  17  21.17 
91  86  10. 07 

80  06  33.02 

04.26 

O       /          V 

87  01  28.  97 
87  02  21. 94 
37  01  02. 61 

O        1         M 

88  11  23.19 

North  Bmm 

88  11  81.84 

Bowles 

89  12  31. 18 

KortiiBaae 

Bowlea 

Taylor 

37  02  51. 03 

89  14  15.28 

Bowles 

Taylor -. 

lTifnl>Q«  ,.-^ 

37  03  09.04 

89  13  02.60 

TaTl^ 

Vimbos 

'87*04  08.'i7 

Dickey 

80  14  43. 21 

m 

Tavlor 

^ 

Di^keT 

Bowae 

47.47  !  2.' 2-25. 37 

37  03  34. 67 

89  15  27. 87 

Dkk«>v 

00.01 

43.71 
55.08 
21.22 
00.01 

06.87 
13.43 
40.21 
00.01 

40.71 
83.02 
46.27 
00.00 

52.17 
13.83 
54.51 
00.01 

20.01 
08.19 
8L88 
00.02 

1,51L80 
2,694.42 
2,372.91 

2.694.42 
1.705.18 
3,000.50 

1, 705. 18 
2, 075. 03 
3, 217. 98 

2. 075. 03 
2, 183.  C8 
2,395.83 

2, 183. 28 
3,702.50 
4.350.65 

V 

'  Bowae 

1 

Hurray 

37  04  50.32 

89  15  55.00 

BOWM 

Murray 

Missouri  Sister 

; 

87  04  41. 99 

80  17  00. 66 

Muuniiri  SiatAr 

18  ,  SpleMB  If  ill 

■ 

t    li  iwooTi  Sister 

87  05  29. 90 

89  17  60.58 

10    BBiMA'aliill 

U 
11 
IS 

Beoddeir. ............ 

87  04  2&09 

89  18  86.38 

1 

Spiese'sMiU 

8eQdd»7 

Pranlssd  Laod 

87  05  10.41 

89  20  54.06 

40 
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*   TdbuUtted  retuUa  of  secondary  triangulaUon  frwn  Cairo  to  Keokuk — Continued. 


No. 


10 
12 


12 

18 
14 


13 
M 
15 


18 
15 
16 


15 
18 
17 


16 
17 
18 


17 
18 
19 


18 
19 
20 


Stations. 


Spiese'tMiU... 
iTomisedLand. 
Atherton 


PromiaedLMid. 

Atherton 

QooM  Islaad . . . 


Atherton 

GkMwe  laUnd . . 
Powers  IslaDd. 


Atherton 

Powers  Island. 
Bamham 


Powers  Island 

Bamham 

Commeroe..... 


Bnmhani  . 
Commeroe. 
SBntaF6.. 


Commeroe 
Santa  F4 . . 
Hofiner 


Santa  F4 
fiofiner .., 


Obserred 
angles. 


O      f       *f 

34  85  25.66 

U5  14  38. 02 

30  09  50. 13 

5a  71 

48  27  04.71 

89  52  28. 85 

97  40  24.41 

57.47 

84  57  52.40 

42  60  85.04 

52  11  81.22 

58.66 

86  08  OL 16 

86  28  60.35 

57  28  07. 66 

69.17 

55  54  48.28 

82  06  10. 60 

41  69  05. 30 

69.08 

67  08  44.96 

67  08  19.64 

45  42  51. 78 

66.88 

48  31  21. 05 

70  07  32. 83 

66  21  06.20 

00.08 

57  36  48.20 

66  41  32. 73 

65  41  39. 04 

59.97 


19  Hoftier 68  12  87.58 

20  '  Lassar         !    83  40  18.54 

21  !  Uncle  Joe 38  07  0L33 

57.40 


20 
21 
22 


21 
22 
23 


38  42  06.88 
ITncleJoe  70  65  14.77 


Thebes. 


ITncleJoe... 

Thebes 

Grand  Chain 


22  Thebes 

23  Grand  Chain 

24  Day 


22     Thebes 

24  '  Day 

24'    South  Base. 


24 

24' 
24" 


23 
24 
25 


24 

25 


I    75  22  39. 61 
01.21 

50  09  28.69 

72  33  1&  98 
48  17  10.61 

58.23 

61  30  4L  12 

73  28  01. 25 
45  01  14.45 

56.82 

28  00  43. 49 

76  06  60. 28 

76  43  18. 12 

0L89 


Day 58  6129.88 

South  Base !    54  16  54.38 

NorthBase !    66  5136.26 

00.52 

Grand  Chain 36  2139.32 

Day 97  25  38.45 

CapeLaeroix 46  11  39.71 

57.48 

Day 58  40  03.66 

CapeLaoroix 62  40  45.80 

Sexton's 58  30  07.10 

56. 56 


AcUost'd 
angles. 


25.71 
88.71 
60.63 
00.05 

04.94 
80.01 
26.08 
00.08 

58.52 
34.73 
31.77 
00.02 

01.24 
50.12 
0&66 
00.01 

42.91 
11.35 
05.75 
00.01 


Distance. 


20.88 
83.62 
06.17 
00.02 

48.26 
32.16 
89.59 
00.01 

37.72 
19.91 
02.89 
00.02 


42.86 
59.65 
17.49 
00.00 

29.71 
54.20 
36.00 
00.00 

39.30 
39.97 
40.74 
00.01 

03.26 
47.41 
00.33 
00.00 


MUert, 
4.350.65 
4. 914. 90 
7. 830. 76 


4, 914. 90 
8,847.36 
3,179.49 


8. 847. 86 
4,220.43 
2.880.98 


2,880.96 
2,010.96 
8,410.67 


2,010.96 
2.489.67 
2, 977. 70 


46.20  I  2,489.67 
20. 15  ;  3, 204. 80 
53. 67  3, 204. 63 
00.02  J 


3.204.80 
2.409.26 
3,280.22 


2,409.26 
2,282.38 
2.209.33 


2, 232. 38 
8. 074. 00 
3,584.48 


06.24  3,074.00 
la  95  1, 762. 76 
39. 82  3, 002. 37 
00.01 

28.66  1.762.76 

20.10  2.027.48 

11. 25  2, 2^.  82 
00.01 

1 
42.17     2,027.48 
01. 68  ,  2. 510. 18 
16.  21  I  2, 747. 74 
00.01 


2, 747. 74 
1. 332. 46 
2,728.60 


1,332.46 
1, 240. 22 
1.176.47 


2, 519. 18 
2, 070.  31 
3,46L35 


2, 070. 31 
2, 070. 64 
2, 153. 77 


Azimnth. 


n 


82  04  38. 13 
146  48  19. 20 
296  37  12.82 


146  48  19. 20 

6  39  43.46 

284  19  59. 04 


6  39  43.46 
148  48  69. 23 
271  36  26. 57 


91  87  38. 96 
185  07  86.45 
807  89  32.19 


185  07  36.45 

87  13  52. 19 

809  11  57. 11 


87  13  52. 19 
200  04  81. 20 
334  22  04.47 


200  04  81. 20 

90  12  31. 65 

836  32  38.83 


90  12  31. 65 
213  30  00. 50 
327  48  51. 09 


213  80  00. 50 
117  10  50. 59 
335  16  45. 96 


117  10  50. 59 
226  14  29. 61 
330  52  21. 01 


226  14  29.  61 
118  48  20.93 
347  04  48. 60 


118  48  20. 93 

225  19  35. 71 

00  19  03. 47 


180  19  03. 10 

75  26  03. 12 

332  08  48.96 


75  26  08. 12 
2i«l  08  37. 27 
814  17  15. 39 


225  19  3.1 71 

142  45  59. 65 

8  57  09.68 


142  45  59. 65 

260  04  41. 47 

21  26  22.24 


Latitude. 


// 


87  07  28. 82 


37  05  85.96 


87  07  26.46 


87  08  81. 48 


87  08  27. 58 


37  10  06. 16 


87  10  05i44 


Longitude. 


I    It 


89  28  416( 


89  22  58.78 


89  24  89.  Tl 


89  24  82.tt 


89  28  18.19 


89  25  28.60 


89  87  06.26 


87  11  06.88 

89  26  16.80 

t 

87  1151.86  1  80  28  07.18 

87  12  30.91       89  27  15.55 


1 ; 

'■    37  13  02. 59 

89  28  27. 61 

. 

37  14  66. 04  j 

1 

1 

89  27  14. 98 

.:::::::::::::i  :::::::::::: 

37  13  49. 17 

1 

89  28  07.25 

37  14  26.68 

89  27  49. 10 

37  14  68.51 

80  28  06.76 

37  15  05.07 

'89  26  42.89 
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Tmbmimted  retvto  q/  ieooiufarjr  triangitlatioH  from  Cairo  to  JSeoittil^— Con  tinned. 


2S 
27 


27 


27 


81 


SI 


31 


U 
15 


ss 

n 


Stations. 


Obterred 
angles. 


1  angles,  i*'"**"*^* 


Astnmth. 


Cape  Lasroix. 

Sexton's 

YUu^ 


Sexton's.... 

Floral 

Clear  Creek 


Floral 

Clear  Creek 
Bluff  Lake. 


Clear  Creek 

Bluff  Lake 

Kooeasin  Springs 


BloffLake 

ICoocasin  Springs 
Bleh :...... 


I  Ifoccasin  Springs 

Rich .. 

<  Indian  Creek 


Rich 

Indian  Creek. 
Siliea 


Indian  Creek 
Silica 
BigMaddy  .. 


Silica :  107  18  01.20 

I  BigKaddy 88220&(» 

!  » ._,_  *,_^      _       34  1»  BO.  18 

58.07 


Fountain  Bloff 


'I 
Bli 


,  Big  Muddy 85  00  37.54 

Fountain  Blaff 85  2115142 

•  SwallowRock 792003.87 

56.83 


35  Fonatain  Bluff 
38  ^  Swallow  Book. 
37       Worthi-n 


Fountain  Bluff. 
Wortben  ....... 

Backbone  — .. 


37  Worthen . 

38  Backbone 
38      O'Harrah 


18  t  Backbone 
38  '  0*Hamh 
40      KilUoo... 


40 
41 


40 
41 
41* 


O'Harrah 
KiUion... 


Killion 

ICansksar.. 
Lower  Base 


o     '         " 

88  07  19.71 

88  04  18.03 
10  48  24. 28 

02.02 

48  50  IZ  81 

85  08  54.  Oi 

87  54  56.38 

V3.00 

46  4144.33 
96  52  55.  53 

37  25  22.20 

02.08 

45  38  2&  02 
85  49  18.72  ; 

48  34  15. 11 

58w75  ' 

38  58  55.32  • 

89  10  21.89  I 
51  50  39. 49  I 

50L50  ! 

I 

43  483&89 
82  28  58.37 

54  48  22.35 

57.11  , 

I 

49  40  11. 50  I 
102  12  07. 34  , 

38  07  4L20  > 
00.04  I 

40  60  51. 81  ! 

55  37  47. 49  ! 
74  31  26. 80  I 

04.70  ' 


75  43  59.24 

54  17  47.80 

40  58  11. 70 

58.74 

83  11  18.08  , 
85  40  39. 68 
80  59  00.82 

58  33 

29  48  57.20 

89  28  07.85 

80  i9  57. 19 

02.04 

72  28  48. 17 

88  39  5a  40 

38  61  U.  89 

58w28 

37  54  52.30 

49  42  14. 13 
92  22  45.92 

52.35 

38  32  10. 18 

50  19  08. 08  I 
99  08  39. 10  1 

55.43 


n 


I   MHer9. 

t  2,070.84 

10,983.48 

11.018.98 


18.71 
14.88 
28.68 
00.05 


10.74  10.988.46 
52.98     a844.06 


ir 


66.53 
00.22 


10.736.88 


42.94  I  8,644.05 
66.47  110.351.84 
21.82  111  149. 53 
00.23 


2&89 
17.85 
16.72 
00.26 

56.88 
22.39 
41.45 
00.20 

36. 88 
80.<*6 
23.42 
00.13 


10. 351. 34 

9.865.18 

13, 769. 21 


9.fi66Ll8 

7,892.25 

12,544.88 


7.892.26 
6,  •'Wl.  56 
9, 577. 76 


11.81  '6.561.56 
06.61  110.609.97 
42.25  113,603.45 
00.17  I 


260  04  4t  47 
166  09  46. 26 
356  57  06. 36 


188  09  4&  28 

280  59  4&  75 

33  l>8  21. 30 


280  59  48.75 

196  53  18. 28 

54  22  49.55 


198  56  18. 28 
102  46  45. 68 
831  17  03. 42 


102  46  45.58 
108  32  2&31 
321  42  29.84 


193  32  28i  81 

96  00  11. 14 

330  43  53.75 


96  00  IL 14 
178  45  22.72 
326  37  11. 79 


Latitude,     i  Longitude. 


o    '        » 


O      ' 


37  20  60.38 


89  38  29.U 


.1. 


37  19  66.75  !  89  83  44.84 


37  25  17.94 


89  30  42.29 


87  26  28.64 


87  30  37.43 


60.11 
45.46 
24.62 

00.19 

01.48 
07.74 
60.97 
00  10 


10. 600. 97 
8.414.81 
9.086.99 


87  30  59.60 


89  27  13.  Sr 


89  25  5a  3t 


89  30  24.08 


37  36  41. 72      89  31  IL  II 


173  45  22.72 

298  07  Oa  68  ; 

43  38  4a47,    87  34  32.97  1    89  38  0a87 


8.414.61  I  298  07  0a58 

14,245.80     156  32  20.83 

9, 261  85  I    10  49  50. 45 


3a  60  14,245.30 
ia20  I  a343.58 
05.47  il3, 16a78 
00.27  I 


59.09 
4a  24 
12.85 
00.18 


a34a58 

10, 600. 46 

a  848  50 


17.47  '  a  84a  50 
40.26  |17.06a90 
02. 62  >15, 681. 23 
00.85  I 

57.79  !l7,08a99 
06.65  i  a  5^*7.07 
56  VI  la  180. 86 
00.85 


87  41  3a  77      89  80  00. 18 


156  32  20.83 

271  08  43.28    i 

11  43  oa  99  i    37  41  3L  23       89  24  19. 67 


I 


271  08  43.28  , i 

146  29  59.70  ; I 

15  25  42. 99      37  46  la  45      89  28  24. 07 


I 


195  24  44. 19 

81  15  23.  25 

292  07  23. 98 


87  44  48. 74  I    89  39  53.  09 


47.02 
60.42 
11.92 
00.26 


8,587.07 
13, 05a  34 
12.750.30 


1  81  15  23.25  i 1  

191  45  14.79  i 1 

•290  56  02.60;  37  49  21.42   89  38  41.67 


i  191  45  14.79  ' 

8«  25  5a04  I I 

.  299  il  4a38   37  48  10.78   89  47  27.73 


52.99   ia05a34 

ia68  !  ao2ao4 


4a  63 
00.20 


I 


9,  962. 43 


14.62  a03a04 

05. 64  4, 7Ha  68 

Sa  83  a  187. 72 
00.08 


80  25  59.04    

210  88  17.88  ' 

298  17  11.' 91  ;  '37'6l'54.'74'     89  44  4a 


210  38  17.88    

340  20  .'4. 90  I 

67  12  5a 46  I    37  49  2a52       89  43  34.58 
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Ko. 


40 
41' 
41" 


40 
41 
42 


40 
42 
48 


42 
43 
44 


48 
44 
45 


44 

45 
46 


44 

46 
47 


46 
47 
48 


47 
48 
40 


47 
48 
50 


40 
60 
51 


50 
51 
5i 


61 
62 
63 


82 
63 
54 


58 

64 

66 


64 
56 
56 


Stations. 


Killion  .... 
Lower  Base 
Upper  Bane 


Manskear 
Cheater  ... 


Obtterved 
angles. 


n 


31  27  43. 01 

65  42  86. 84 

62  40  37. 48 

66.33 


KUUon 40  08  80.09 

94  20  30. 40 

46  31  03. 67 

04.16 

KUlion 48  4163.59 

Chester i    74  08  16.48 

Bozier i    57  0947.76 

57.83 


Chester 
Rosier  . 
Vanse.. 


Rosier 

Vanse 

Ksskaskia 


Vsnse 

Kaskaskia 
Reagan  ... 


Yanse.. 

Rpagsn 

CorreU. 


Reagan  

Correll 

Brewerville 


CorreU 

Brewerrille 
Magnolia... 


Correll 

Magnolia  — 
County  Line 


Magnolia 

County  Line 
Briokey 


Weisenbom. . 
Uorcnlanenm 
Salt  Bluff..... 


61  59  42.94 
55  46  00.56 

62  14  17. 00 

00.50 


"S^  D"*-- 


29  49  27. 47  ' 
114  20  18. 60 

35  50  10. 80 

56.86 

68  15  22.23 
78  03  51. 68 

48  40  47. 14 

01.05 

50  42  80.88 

88  48  33. 79 
45  28  51.24 

56.91 

89  27  22.73 
73  38  02. 33 

66  54  38.04 

03.10 

44  46  36. 92 

54  11  06.  79 

81  02  13. 72 

57.43 

73  19  06. 22 
57  17  38. 95 

49  28  12. 47 

57.64 

36  25  13. 94 
112  52  4  L.  02 

81  42  Oa  69 
58.65 

67  09  09.98 
56  24  08. 98 
56  26  42. 82 

a.  28 


County  Line ,  68  41  09. 09 

Brickey I  72  16  13.48 

Xidd ,  49  02  3&60 

al.  26 

I 

Briokey !  48  00  37.90 

Kidd 8149  55.06 

Caasar's \  56  09  25.93 

58.86 

I 

Kidd   I  65  19  50.21 

Cnsar's 62  59  02.25 

Weisenbom 51  41  02.16 

'  03.62 

Ciesar's 46  32  53.42 

Wtfisenbom 88  16  02.46 

Herculanenm 50  10  59.87 

i  55.75 


// 


44.26 
30.41 
39.38 
00.05 


MeUrt. 
6, 187. 72 
3,255.07 
5,684.44 


28. 32  8, 024. 04 

28. 53  7, 253. 98 

03.30  11,219.89 
00.15 


55.01 
16.32 
48.94 
00.27 


11,219  89 
10, 031. 77 
12, 845. 01 


28.75  10,031.77 
19. 37  *  8,  521. 73 
12.08  '15,611.56 
00.20  I 

22. 14  8, 521. 73 

51. 00  !  9, 092. 83 

47.05  11,101.40 

00.19  i 

31.92  I  9,092.33 
35. 43  '  9, 869. 12 
52.88  12,677.47 
00.23 


21.58  12,677.47 
01.78  8,757.93 
86.90  18,223.07 
00.27  I 

88.01  ;  8,757.93 

07. 29  6, 244. 91 

14. 81  7, 189. 71 
00.11 


0&65 
89.97 
18.49 
00.11 

14.64 
41.10 
04.88 
00.12 

09.40 
09.01 
41.73 
00.14 


6,244.91 
7, 880.  26 
6,922.23 


6,922.28 

7,684.70 

12,136.64 


7, 684. 70 
8,442.63 
7, 630. 95 


08.79  8.442.63 
12.34  ;  9.560.64 
8&06   10,648.12 

oaio 

87.55  i  9,550.64 
56. 27  ;  7, 987.  rS6 
26.37  11,518.81 
00.19 


58.27 
00.60 
01.20 
00.16 

64.70 
04.36 
61.14 
0a20 

43.04 
00.03 
17.00 
00.16 


7, 937. 86 
9, 193. 88 
9.013.07 


9, 193. 88 

8,680.44 

11,887.10 


8. 669. 44 
8.669.98 
8, 118. 54 


Asimnth. 


ti 


247  10  32. 49 

182  65  3L  86 

35  44  11. 45 


210  38  17.88 
125  00  29. 07 
350  29  03.03 


170  29  49. 56 

64  37  19. 35 

301  43  20. 60 


64  87  10. 85 
130  18  12. 29 
274  20  16. 62 


130  13  12. 29 

232  06  87.69 

8  28  5L  37 


282  06  87.60 

136  68  18. 85 

1  24  13. 60 


181  24  05.78 

75  02  15. 38 

321  53  18. 67 


75  02  15. 38 
200  47  34. 48 
299  46  15. 70 


200  47  34.48 

78  06  10.47 

307  26  09.04 


127  28  27. 83 
11«4  33  27. 94 
342  52  12. 14 


194  33  27. 94 

70  58  26.53 

807  21  45. 18 


70  58  25.53 
178  38  51. 10 
809  36  0&  32 


178  38  5L  ID 

80  28  41. 65 

315  34  49. 31 


80  28  41. 65 
197  26  22.25 
325  46  3L  12 


197  26  22.25 
100  48  36.68 
330  51  00. 44 


100  43  3&  68 
224  58  58. 27 
842  42  1&  24 


Latitude. 


o    / 


t* 


87  50  40.41 


87  54  00. 65 


87  51  50.08 


Longitude. 


It 


88  45  12.02 


89  48  48.56 


89  54  54.35 


37  64  4&  43 


87  57  48. 43 


88  01  89.48 


38  00  26.00 


38  03  85.85 


88  02  42.64 


38  06  42.21 


38  05  12.82 


89  59  20.73 


89  54  26.77 


88  59  08.01 


99  04  54.88 


90  03  28.89 


90  08  40.18 


00  07  2La6 


90  12  48.87 


88  10  22.49 


90  12  68. 13 


88  09  39. 78 

90  18  19.70 

88.14  24.24 

90  16  26.40 

88  15  16. 55 

90  22  17. 64 


"88*i8'85.'65 

90  18  05.66 
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Tabulated  resHlts  of  secondary  triangulation  frv«\  Cairo  to  Keolcuk — Continned. 


Vo. 


55 
50 

57 


56 

57 
58 


StotioBS. 


^i^iit*  l^^s^"'!"'-*"'-' 


Hercalanemn 

SaJt  Bluff 

Snlpbur  Springs  . . . 


Sftlt  Bluff 

Snlpbur  Spriacs . 
Henuuec 


56  >  Salt  Bluff. 

58  Heramec. 

59  ,  Bocan 


68 
SO 


Herameo 

Bocan 

Gummerahimer 


o   '  //   I 

47  20  16w  23 
62  24  8^  04  I 
70  15  00. 01  ! 
58.78  I 

61  00  22. 41  ' 
81  19  40. 20  I 
87  30  43.04 
55.55 

80  86  46.72 

43  S3  15. 78 

06  40  6U.  52 

03.02 

50  52  48. 08  , 

78  36  80. 82  ) 

50  80  45.  56  ; 

00.31  ' 


60  !  Gnmm«nliimer 

62  1  Dryer 

Forder 


I>ryer 

Fo(rd#»r 

Insane  Asylum. 


SO    Bocan i  4107  51.06 

00     Gammerahimer ;  00  22  10  62 

TirinHoUow ;  48  20  47.68 

I  5&81 

60  i  Onmnkershuner '  88  55  50. 62 

61  I  Twin  Hollow t  67  48  55.88 

62  I  Dryer 38  15  02.50 

1  68.00 

40  12  45.46 

79  24  46. 90 

51  22  26. 24 

58.60 

51  05  01. 70 
00  46  60. 43 

88  07  58. 81 
00.04 

84  08  52. 91 

49  47  08. 87 

46  08  56.66 

57.04 

68  44  17. 72 
31  20  4&  00 

89  45  57.  02 
00.34 

71  47  17. 06 
51  12  27.  50 

67  00  12. 78 
5a  83 

68  80  09.14 
88  06  85.04 
78  21  16. 07 

01.15 


Dryer, 

Insane  Asylum. 
Clark's  Mound . 


67 


67 


Insane  Asylum. 
Clark's  Mound . 
Stand  Pipe 


Clark's  Mound 

StsndPxpo 

Sugar  Loaf.... 


Stand  Pipe. 
Soiear  Loaf. 
Bobinaon... 


Stand  Pipe 85  00  57.67 

Robinson 48  28  12.54 

Soeohtig I    06  2150.56 

00.77 


Robtttson. 
SoecbtUe  . 
PeitSngiU 


I 


70 
71 


10 
71 
15 


Robinson. 

PttttiniEiU 

Tmapin. 


PettinidU 
Terrapin. 
Moors.... 


78  84  35.54 
38  11  55.30 
68  18  24. 98 

55.82 

38  07  51.71 

107  58  35.06 

38  53  31.69 

59.38 

40  06  31. 22 

88  23  24. 31 

51  29  59.  86 

65.39 


I 


16.48 
33.50 
10.15 
00.13 

24.59 
51.50 
44.07 
00.16 


Meterg. 
8,660.08 
6,773.94 
8, 164. 13 


6,778.94 
1  9, 697. 15 
10,930.89 


45.92  10.9^9.89 
14.73  7,037.98 
59. 49  I  7,  605. 82 
00.14  ! 

I 
43.67  I  7.087.06 

81. 15  I  7, 074. 89 
45.  30  8, 939. 68 
00.12  , 

51.46  !  7.074.89 
20.62  :  6,213.95 
48.08  ;  9,446.62 
00.11  I 

60. 73  ;  6, 2ia  95 
56.39  )  9.980.80 
03. 01  I  8, 404.  60 

oai3  I 

45.76  !  8.404.60 
47. 88  I  8. 232. 67 
26.53  110.688.27 
00.17  I 

01.86  ;  8.232.67 
50.99  jlO.873.58 
58.37  13,331.28 
00.22  j 

53.78  13,381.28 

09.  19  .18. 387. 10 

57. 56  14. 116. 73 

00.47  j 

17. 70  ,18, 367. 10 

45.03  115,717.51 
57.  65     0, 006. 16 

00.38  ' 


laoi 

2&44 
13.60 
00.55 

oai5 

86.81 
15.46 
00.42 

57.38 
12.36 
50.87 
00.11 


15, 717. 51 
17.801.48 
14,  606. 56 


17,801.48 

16,011.19 

9, 9in.  31 


9,937.31 
5.758.84 
7,485.29 


86. 97  I  5. 75&  84 
65. 63  I  5. 948.  85 
26.  45  i  3, 834. 90 


8,834.90 
8, 338. 31 
5,800.73 


00.05 

51.80 

t      3&31 

32.02 

00.03 

82.68 
25.86 
61.48 
00.02 

3.338.31 
2, 748. 00 
4,263.92 


Azimuth. 


// 


224  53  59  27 
107  21  Ot*.  83 
357  83  83. 93 


107  21  08. 83 
206  58  82. 28 
348  20  86.86 


168  21  88. 42 

304  47  22. 13 

27  89  50.50 


304  47  22. 18 

203  26  21. 14 

73  58  18. 61 


203  26  21. 14 
113  49  53.82 
342  17  16. 12 


113  40  53.82 

235  58  31. 70 

17  47  01. 00 


197  45  54. 55 

07  11  48.97 

328  30  45. 61 


07  11  4a  97 
186  21  19.00 
328  13  50. 80 


148  16  50. 83 

278  26  41. 11 

52  25  32.25 


278  26  41. 11 

130  04  14. 84 

39  45  01. 02 


130  04  14. 84 

258  46  85.88 

21  53  53.80 


258  46  85.  88 

112  02  44. 30 

10  17  13.50 


100  16  27. 68 

821  49  01. 28 

45  28  43. 07 


Latitude. 


tt 


I    88  19  41. 00 


88  24  23.78 


88  25  43.08 


88  27  05. 35 


Longitude. 


O      t         If 


00  22  8L  84 


00  10  86L7» 


90  18  4X07 


90  17  87.0» 


38  30  06. 33 


88  80  89. 64 


90  11  55. 71 


90  17  32. 8» 


88  36  la  00      90  16  45. 87 


88  84  45.75 


38  40  13.59 


88  42  05.38 


88  45  80.68 


38  48  0a85 


321  40  01. 23 
180  02  30. 08 
68  15  56. 64  ;    88  46  1&  76 


00  04ia9T 


90  12  81. 61 


90  00  2a  01 


00  11  la  10 


90  08  50.74 


00  08  50. 5» 


248  14  24. 26 

176  14  32. 85 

35  07  50. 19 


170  14  82. 85 

267  51  01.31 

36  22  IL  14 


88  48  04. 79 


88  48  0ai2 


90  08  59. 6» 


90  07  05.82 
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IXo. 


71 
72 


72 
78 
74 


78 
74 
75 


74 
75 
7« 


75 
76 
77 


76 
77 
78 


77 
78 
78 


78 
79 


79 
40 
411 


«0 
■81 


«2 
«3 


82 
83 
84 


Stetioiis. 


«4 
.85 
■86 


«6 
■86 
JS7 


87 

«8 


Tenapia 

Moore 

MiMonriRiTor. 


Moore 

MlBsonri  Birer 

Gilljui 


Misaoari  Kiver. 

Gillan 

Shirley 


OiUaa. 
Shirley 
Gealer. . 


Shirley.... 

Oeeler 

Blngering , 


Shirley.... 
Kingering . 
FreMDMi .. 


80  24  58.64 

45  18  14. 17 
104  16  47. 54 

00.35 

68  28  87.60 

86  14  42. 46 

80  15  42. 05 

02.11 

87  82  8a  94 
104  29  09. 23 

87  58  11.71 
59.88 

82  00  57.88 

65  84  18.  65 
82  24  41.55 

58.08 

111  01  06. 72 

86  48  03.92 
82  10  47. 67 

58.31 

87  04  16. 14 
111  41  31. 95 

81  14  09.32 

57.41 

58  13  15.31 

72  01  60. 26 

49  44  45. 76 

01.32 

48  05  80. 53 

97  14  5a  68 

84  39  84. 78 

0a99 

37  16  4a  81 

82  10  48. 50 

60  32  27. 70 

01.01 

72  15  44. 83 

61  22  25.  50 

46  21  4a  51  ' 

59.03  I 

30  10  34.97 

66  47  50. 15 

83  01  31. 69 

56.81 


Strong 34  06  4a40 

Alton !  112  32  09.62 

SawMill I    332104.a5 

00.87 


Ringering . 
Freeman ., 
Rnaeell.... 


Preemam 

RneseU 

Glaae  Works 


Russell 

Glass  Works 
Watkins 


Glass  Works. 

Watkins 

Strong 


Glass  Works 

Strong , 

Alton 


Ohserred 

angles. 


// 


A4jnst'd 
angles. 


82     Strong \    29  31  laSS 

84  I  SawMlU ;  111  25  50.62  • 

£5     Nicholson :    39  02  52.32  j 

59.29 


SawMiU.... 
Hiobolson... 
Hop  Hollow. 


Nicholson 63  1t3ai7 

Hop  Hollow 80  17  47.36 

Weper 86  80  3^33 

58.86 

Hop  Hollow I    47  86  04.34 

Weper: |    56  43  03.6L 

HoU 75  40.>8.03 

05.98 


5a  44 
14.11 
47.46 
00.01 

8&82 
41.78 
41.46 
00.01 

3a  88 
09.27 
1L87 
00.02 

5a  43 
19.34 
42.24 
00.01 

07.26 
04.61 
4a  14 
00.01 

10.83 
82.49 
10.69 
00.01 

14.81 
59.82 
45.38 
00.01 

29.11 
.'{7.34 
3a  56 
00.01 

4a  39 
49.18 
27.44 
00.01 

4a  25 
25.85 
4a  9L 
00.01 

35.94 
51.25 
32.82 
U0.01 

44.83 
00.18 
05.90 
00.00 

15.08 
52.13 
52.80 
00.01 


36  39  la  00 

ia86 

100  07  57.  97 

57.84 

43  02  46. 8!) 

4a  30 

00.39 

00.00 

83.85 
47.02 
39.14 
00.01 


Distance 


Jf0ter«. 
2, 74a  09 
1,485.66 
2, 015. 76 


1.435.66 
2,540.36 
2,842.70 


2,54^86 
2. 52a  02 
4,  OIL  91 


2, 52a  02 
1,350.49 
2,8ia29 


1. 350. 49 
2. 867. 02 
1, 6ia  01 


1,510.01 
1,785.77 
2, 721. 80 


1,76a  77 
1,966.83 
2,200.86 


1,96a  83 
a  57a  85 
3,430.84 


2. 57a  85 
1,790.45 
2, 92a  65 


1,790.45 
2, 35a  31 
2. 171. 51 


2, 171. 51 
1,09a  69 
2, 010. 75 


1.  009. 69 
1,121.77 
1, 847. 50 


1. 847. 50 
L,  44a  05 
2. 729. 91 


Asimnth. 


// 


267  51  01.81 

183  16  26. 78 

57  26  4a  99 


188  10  26. 78 

226  65  17.81 

16  40  24. 74 


226  55  17. 81 

151  25  la  47 

9  22  55.92 


151  25  la  47 

265  50  24. 72 

8  26  17. 62 


265  50  24.72 
122  39  04. 86 
334  49  00.65 


154  49  17.46 

86  30  8a  14 

297  48  57. 97 


86  30  8a  14 
194  27  47. 46 
324  43  14. 86 


194  27  47.46 
111  42  67.  58 
326  21  28. 88 


111  42  57.58 

18  52  44. 50 

254  25  00. 76 


13  52  44. 60 
132  30  07.46 
266  07  83. 32 


86  08  29. 76 
199  19  42. 07 
296  18  ia78 


199  19  4a  07 
131  52  00. 73 
345  12  44. 95 


lO^i  12  57. 24 

96  38  37. 08 

315  40  52. 48 


1. 44a  05  96  38  37. 08 
1, 263. 8J  176  2u  01. 84 
2.082.90     313  17  ia43 


1,263.83 

1, 805  88 
2. 093.  78 


01.50  ;  1,895.88 

03.06  1,444.92 

as.  44  I  1,633.72 
00.00 


176  20  01  84 

76  37  4a  75 

293  07  37. 81 


76  37  4a  75 
199  53  55. 61 
304  18  12.99 


Latitnde. 


ti 


Longitade 


38  48  89.97 

90  07  40.a 

88  49  8a  43 

90  06  32.01 

38  56  4a83 

90  07  22.11 

38  50  .'»L51 

90  06  2a» 

88  51  32. 91 

90  07  4a  91 

'38*51  29.' 42 

90  09  02.01 

38  52  31. 18 

90  08  4L  68 

38  53  02.06 

90  10  20.84 

38  52  Oa  69 

90  10  3a  66 

'88  62*57*31* 

90  ii'56."78 

88  53  30.96 

90  11  5a  32 

88  68  55.24 

90  12  lan 

'"88*54*00.65" 

'96'i8"d9'86 

38  54  41. 55 

90  18  la  21 

38  54  27. 33 

90  14  29.76 

88  55  11. 88       90  14  09. 
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Tahulaied  re9ulU  of  Meixmdary  hriangulalian  from  Cairo  to  Keokuk — Continued. 


Ka 


97 

88 


88 

90 


80 
90 
91 


90 

91 
92 


91 
92 
93 


92 
93 
91 


93 
91 
96 


94 
96 


96 
9« 

97 

96 
97 
98 

97 


Btotiont. 


angles.         angles.    *'«'«*»*^' 


O     I       n 

Wejper 86  46  56.95 

Hnll ;    62  29  11.24 

Banriae 1    80  43  49.01 

67.20 

Hall 35  00  16.85 

Barwfae '  102  36  47.39 

Reihl i    42  23  03.00 

'  07. 24 


Barwise 

Beibl 

Eagle's  Kest 


Reihl 

Eagle's  Neet 
Scheie 


Eagle's  Nest 

Ecbele 

Portage 


Scheie . 
Portage 
Starr... 


Portage 
8UtT... 
Ponrie  . 


Starr.. 
Ponrie 
B3sah  . 


PonTi« 
Elsah  . 


I 


99 
190 


99 

100 
191 


Slsah  

Bast  Base 
OrafUm... 


Grafton ... 
West  Base 


Onkfton 

West  Base . . 
Bivermontk. 


Weat  Base 

RiTenoonth . . . 
Point  Landing 


100  Birennonth... 

101  Point  Landing 
192    Thompson 


101 
102 

m 


102 
108 


Point  Landing 
Thompson  .... 
Calhoon....... 


Thompson 
CaDumo... 


lOi    Droege. 


41  U  36.23 
106  46  02. 28 

83  02  28. 04 
01.55 

87  59  22.39 
109  11  27.69 

88  49  08.25 

58.83 

• 

50  51  80. 83 

73  11  21. 10 

55  57  13. 01 

04.94 

89  45  07. 65 
97  54  14.82 

42  20  38. 04 

01.41 

85  44  45  08 

52  21  28. 20 

41  53  44. 83 

5&11 

48  06  02.76 

58  48  22.80 

73  05  85.04 

00.60 

80  14  53. 60 

66  17  00. 09 

83  28  02.76 

56.54 

27  29  05. 73 

111  21  84. 18 

41  00  18. 15 

58.01 

82  11  4a  38 

80  82  88.33 

67  15  88.  Hi 

59.81 

93  18  05.97 
41  18  88.26 
45  28  M.  35 

58.58 

67  10  11. 20 

68  37  51. 04 
44  02  68.92 

01.16 

75  80  15.96 

81  65  21. 76 
72  84  22.54 

00.26 

63  66  4L86 

84  50  87.56 
81  08  89.00 

58.81 

68  31  32.71 

00  15  45.06 

66  12  4&34 

OLU 


Aximnth. 


It 

57.84 
12.13 
50.04 
00.01 

14.83 
45.00 
00.69 
00.02 

35.61 
01.76 
22.65 
00.02 

22.85 
28.26 
0&91 
00.02 

29.13 
10.46 
11.43 
00.02 

07.09 
14.35 
38.58 
00.02 

45.82 
27.97 
46.23 
00.02 

02.90 
22.53 
84.58 
00.02 

54.81 
01.21 
04.02 
00.04 

06.27 
84.83 
1&05 
00.05 

48.09 
37.61 
34.32 
00.02 

06.27 
39.24 
14.53 
00.04 

1L22 
49.77 
50.11 
00.10 

15.48 
22.22 
22.37 
00.07 

41.85 
87.49 
40.73 
O0l07 

81.48 
46.77 
42.86 
00.11 


1,444.02  I  199  53  55.61 
2, 823. 16  ,  82  23  20. 56 
2, 507. 82  I  293  05  57. 63 


2.823.16  1  82  23  20.56 
2, 402. 44  150  45  22.  f^ 
4,  087. 04     207  22  00.  21 


2, 402. 44 
2,902.04 
4, 240. 58 


2,902.04 
2, 849. 52 
4,507.30 


2, 849. 52 
2, 667. 27 
3, 292. 06 


2,667.27 
2, 532. 17 
3,022.21 


2, 532. 17 
3,781.47 
3,002.69 


3, 781. 47 
2, 041. 78 
3,880.88 


2, 941. 78 
5. 257. 87 
4,888.94 


5, 257. 87 
3,686.92 
7,439.97 


3.686.02 
3,960.66 
2, 031. 61 


150  45  22. 59 

85  31  02.68 

298  32  09. 82 


85  31  02.  66 

8  41  15.43 

227  30  13. 12 


8  41  15. 43 
115  29  44. 75 
239  31  3a  55 


115  29  44. 75 
197  34  27. 63 
385  14  08. 99 


197  34  27.63 

69  56  15. 54 

201  48  29. 10 


69  56  15. 54 
191  06  20. 83 
208  01  00. 53 


191  06  20. 33 

77  23  36.33 

290  40  26. 42 


77  23  36.38 
145  59  47. 57 
284  49  84.76 


145  59  47.  97 
856  81  3L  82 
248  47  11. 91 


3, 960. 66     356  81  81. 82 
5, 547. 00     135  12  68. 34 


3, 667. 61 


5, 647. 00 
7, 86L 12 
7. 429. 67 


7, 361. 12 
7, 469. 66 
4, 070. 65 


7,469.66 
6,793.04 
4,836.42 


6,798.04 
7, 316k  41 
7,097.16 


269  43  01.77 


135  12  68.84 

23  49  06. 07 

247  50  47. 62 


28  49  06.07 
171  62  26.20 
279  17  86. 85 


171  52  26.29 

26  51  86. 21 

287  68  66l86 


26  51  86u  2L 
146  84  30. 35 
270  20  02.28 


Latitude. 


O     /       n 


88  54  50. 25 


Longitude^ 


O      I        II 


00  16  05.60- 


"38  56  ii'ii' 

90  16  40.01. 

38  56  04.97 

90. 18  40.  la. 

38  54  33.62 

90  18  58.00 

38  56  10. 84 

90  20  87.08. 

38  56  29. 12 

90  20  06.18. 

38  65  47. 03 

90  22  83.66. 

38  67  20. 64 

00  22  10. 12 

38  66  48.38 

90  25  48. 16 . 

88  68  22.48 

00  27  08.82- 

88  56  14.28 

90  26  68.86. 

88  68  21.92 

90  29  4L 17 

38  54  43.68 

90  31  44.66. 

88  68  48.82 

00  82  28. 42 

88  65  26.78 

90  84  86.88. 

38.68.44.77 

00  37  28.26. 
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Tabulated  renUts  of  Becondary  iriangnlatian  from  CiUro  to  Keokuk — Continaed. 


No. 

Stations. 

Observed 
angles. 

e    /     II 

82  67  60. 07 
70  02  56. 18 
76  60  14. 58 

00.78 

69  22  87.25 

58  46  81.04 
51  60  50. 64 

58.93 

88  06  12.66 
110  28  29. 38 

81  80  1&  81 

00.79 

88  56  44.86 
44  26  45.67 

46  87  29. 57 

oaio 

55  10  00. 17 

80  44  14.40 
44  05  45.05 

50.62 

109  36  25.86 
37  80  52. 59 

82  52  44.64 

02.59 

47  50  36. 15 

42  29  26.50 

89  89  58.85 

01.50 

79  83  48.23 
69  20  02. 13 

81  06  10.62 

00  98 

31  25  42. 49 

88  55  29. 94 

59  38  48.15 

00.58 

58  01  83.22 

80  21  55. 07 
37  36  80. 56 

58.85 

41  28  36. 16 

82  13  05.78 

56  28  17.90 

59.84 

43  88  49.53 
100  63  45.  52 

85  27  27.66 
02.71 

46  44  26.79 

89  57  85.99 

48  17  55. 19 

57.97 

46  03  22.94 

44  24  05.39 
80  32  28.79 

57.12 

61  16  28. 52 

80  00  55. 61 

88  42  86.60 

50.82 

84  56  80.88 

40  17  52. 28 

104  40  30. 16 

01.77 

AOJast'd 
angles. 

liistance. 

JTstors. 
7.316.41 
4.085.86 
7.058.55 

4.086.86 
4,862.89 
4,443.20 

4,862.89 
5.742.28 
8,722.42 

6, 742. 28 
7. 898. 57 
5,681.88 

5. 631. 88 
6, 525. 16 
7.845.98 

6. 525. 16 

11.322.93 

7,319.66 

11,322.93 
8,398.93 
7,648.44 

8.893.88 
15, 980. 34 
15,203.58 

15,980.84 

9,656.13 

18,515.46 

9,656.13 
12.640.96 
15,821.88 

12,640.96 
10, 086. 63 
15,088.92 

10, 086. 63 
11. 941. 08 
16,989.65 

11.941.68 
12,680.93 
17, 412. 73 

12,680.98 
9, 130. 96 
8,872.69 

9,180.96 
8,000.27 
4,568.79 

4.568.79 
2.7U5.1U 
8,056.00 

Aximnth. 

oil* 

146  84  80. 85 
36  85  40. 19 

298  33  51.82 

86  85  40. 19 
157  48  04. 71 
285  56  25.61 

157  48  04. 71 
88  10  45. 19 

299  88  84.80 

88  10  45. 10 
223  41  29. 74 
857  06  22.20 

• 

177  06  20.  51 

77  50  86. 16 

801  63  85.12 

77  60  36.16 

220  16  56. 78 

7  27  24.78 

220  16  56. 78 

82  40  85.43 

352  25  55.46 

82  49  85.43 
193  25  54. 99 
842  21  22. 86 

198  25  64. 99 
102  28  02. 94 
84L  57  43.64 

102  23  02.94 
192  56  57. 54 
336  21  41.24 

192  56  57.  54 

95  11  17.16 

881  80  10. 22 

95  11  17. 16 
174  18  07. 09 
818  46  07.86 

174  18  07. 09 
84  10  14.69 

807  22  84.49 

84  10  14.69 

808  28  44.46 
218  04  23. 65 

308  28  44.46 

168  82  50.83 

67  14  08. 18 

247  12  16.14 

26  56  15.64 

1U2  09  04.63 

Latitude. 

Longitude. 

108 

Cnlhoiui 

II 

50.28 
55.10 
14.74 
00.07 

87.06 
81.87 
5L09 
00.04 

11.98 
28.49 
19.65 
00.07 

44.82 
45.41 
30.35 
00.08 

00.16 
13.96 
45.97 
U0.09 

28.72 
52.87 
44.02 
00.11 

84  93 

26.63 

k     58.61 

00.17 

4a  07 
01.86 
10.89 

oa82 

40.65 
80.19 
49.55 
00.39 

82.50 
56.55 
81.26 
00.31 

87.72 
(4.66 
17.94 
00.32 

47.84 
45.10 
27.27 
00.80 

25.51 
39.56 
55.31 
00.38 

25.58 
05.28 
29.35 
00.21 

28.82 
56.03 
35.74 
00.09 

29.02 
52.64 
38.46 
00.02 

O      1        II 

0    1    *i 

104 

Droece 

106 
104 

Keel..'.".i.' '.',', 

Droege 

KmI 

88  56  58.38 

90  89  04.41 

106 
106 

0«h«ll          

38  59  24.88 

00  40  20. 76 

105 

Keel 

106 

Cahill 

"88'69*i8.39 

107 

Winfleld 

90  44  19. 22 

106 

Cahill 

Winfleld 

Wilson 

107 

108 

89'62'23'54' 

90  40  82.36 

106 

'Jahill 

108 

Wilson 

109 

KUbam 

39  01  Sa  90 

90  44  57. 54 

108 

Wilson 

109 

Kilham 

Peeta 

"so'oo'iaoo 

110 

90  89  52.86 

109 

Kilham  

110 

Peets 

111 

Knox 

80  05  44.'76 

90  45  80.'42 

110 

Peets 

111 

Snox 

112 

Hamburc 

89  14  Oa  76 

90  43  04. 64 

111 
112 
113 

Knox 

Hambnrj; 

Saltpeter 

89  15  15.  73 

90  49  87.90 

112 

118 
114 

Saltpeter. 

Belleview 

89  21  55.20 

90  47  89.06 

113 

Saltpeter 

114 

BellvTiew 

115 

ClarksTiUe 

89  22  24.42 

90  54  87.26 

114 

Belleview - 

115 

ClarksviUe 

116 

Lons 

89  26  49.67 

90  66  27.58 

115 

ClarksTiUe 

116 
117 

116 
117 
118 

117 
118 
119 

117 
119 
120 

Long. 

SaltKiver 

89  28  07.68 

91  04  15.88 

Lonff 

Salt  Kirer 

MoLesa 

Salt  River 

39  25  03.24 

90  60  1a  58 

McLean 

Tnff^r  Basft 

'89  20  Oi'94 

'91  61  i9.00 

Salt  River 

Tnn^r  B#se ,  t 

Outer  Base 

89  27  4^74 

91  02  la  86 
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TabuloM  re$ulU  of  secondary  iriangulation  from  Cairo  to  Keokuk — Continaed. 


Vo. 


SUtiOM. 


I 

118  *  MoLem... 

119  t  Inner  Base 
lU     Louisiana  . 


117  !  Salt  BlTor. 

118  ,  HcL««n   .. 
122  I  itoekpoTt. . 


117  ;  ssalt  River. 

122  1  Rookport  . 

123  1  Bed  Honoe 


122 
123 
124 


123 
124 
125 


124 
12S 
126 


Obaenred 
angles. 


O     I       u 

30  40  13. 08 

02  14  05. 84 

86  56  38.44 

57.36 

100  00  02.93 

41  50  56. 36 

38  09  OS.  13 

04.42 

67  05  14.  OC 

SS  16  03. 87 

29  38  42,67 

00.54 


Rockport 32  05  49.55 

RcdMonse ;  50  46  43.33 

Gard 97  07  27.35 

'  00.33 


RedHoose '  75  1146.20 

Gard '  72  25  22.71 

SeeHom j  32  22  52.17 

I  01.08 

Gard    80  07  33.44 

SeeHom 78  84  44.38 

Hannil»al 7117  45.14 

I  02.96 


125  See  Horn. 

126  Hannilial 

127  Heather.. 


126  HannitMd.... 

127  I  Heather 

128  Marble  Head 


Heather 


127 

128  ;  Marble  Head 

129  Kelson 


127     HeatheP. 

129  Xelson    . 

130  Qoincy.. 


129  t  Nelaon  ... 

130  ;  Qainoy... 

131  .  Laieimnge. 


130 
131 


grange 


72  25  15. 

63  42  10. 

43  62  31. 

58. 

87  22  08. 

105  13  17. 

37  24  32. 

58. 


43  32  63.68 

103  41  27. 95 

82  45  38. 81 

00.38 

82  14  20. 85 
119  49  05. 49 


ISS'LimaLake ]    27  66  26u82 

t  01.66 


131     Laffraaire |  43  4143.43 

132 'Lhna  Lake »,4  88  09  05.75 

183    Canton  Unlvenit^  .4  98  09  07. 48 

I  56.61 


132  I  Lima  Lake 

133  Canton  Unirersity 

M4'  conifin :. 


132  t  Lima  Lake 

134*  cWin 

Ofllham.... 


m 

135 


Cooftll 

GfflSam 

Yellow  Banks 


AAJaaVd 
angles. 

Distance. 

Azimuth. 

«       n 

13.98 
06.74 
30.85 
00.07 

MBtert. 
8, 0C9. 27 
4,109.40 
7,097.23 

O     1      // 

158  82  50. 33 

4n  4b  39. 18 

307  41  07. 10 

OL90 
55.41 
02.92 
00.23 

9, 130. 96 

14. 566.  82 

9, 861. 65 

308  28  44. 46 

170  22  40. 71 

28  30  47. 88 

13. 73     9, 86L  65 
04.61    18  364.53 
42.08  19,800.18 

00.42 

1 

208  28  42. 59 
111  46  62.49 
321  17  59. 16 

50. 16  18. 364  53 
42.63  '  9,834.05 
27.60   14,837.82 
00.39  1 

in  46  52.49 
240  52  34. 45 
323  48  56.68 

45.78 

22.62 

52.02 

,      00  42 

9. 834. 05 
17. 753. 07 
17. 505.  28 

240  52  34. 45 
133  21  46.  00 
345  38  52.  52 

70  10  38.64 
78  12  38. 24 
86  36  42. 73  , 
59.51 

27  35  52. 47 
96  43  16.73 
55  40  63. 14  i 
02.34  I 


78 
74 
48 
00 

22 
54 
91 
67 


37  48  27.02 

60  11  28.45 

82  00  03.52 

58.99 

69  34  55.  57 

74  44  01. 99 

35  41  oe.  13 

50.69 

22  27  56L66 

127  07  81. 52 

NO  24  80.52 

58.70 


I 
82.32  il7,7:"53.07 
43.79  >  9.407.05 
44.81  118,371.82 
00.42  ' 


38.88 
38.24 
43.22 
00.34 


9. 407. 05 
14,838  64 
15, 100. 88 


51.68  14.838.64 
15.92  I  8,323.07 
52.71  17,842  85 
00.31  I 


133  21  46. 90 

31  50  44.29 

283  06  16. 48 


31  50  44. 29 

138  35  52. 93 
281  54  46. 04 


138  35  52.93 
221  48  18.34 


16. 3( 
11.48 
32.44 
00.22 

08.67 
17.69 
33.72 
00.28 

58.35 
28.11 
38.90 
00.36 

28.96 
03.96 
27.55 
00.47 


8,323.07 
11.447.78 
10, 765. 80 


10,765.80 
10, 755. 90 
17,(99.61 


10, 755. 90 
13. 694. 27 
19, 311. 85 


13, 694. 27 
16, 591. 80 
25, 357. 01 


1 

'    LatitaiU. 

Longitude. 

1 

O      t        0t 

O      1       M 

39  27  23. 99 
1 

91  08  1L81 

1 

1    39  32  48. 61 

91  00  5&  40 

39*36  28.' 96 

01  i3  68.24 

89  39  03.99 

"9l'66'52.*9i 

346  00  50. 06 

• 

221  48  13.34 
105  82  54. 25 
329  20  29.26 

149  22  57.04 

224  07  11.37 

6  45  50. 99 


224  07  11.37 

147  52  01. 82 

00  34  23.24 


39  45  3&  88  ;  91  16  56. 13 


39  47  20.42 


39  60  41. 62 


39  52  20. 76 


39  56  31. 00 


40  02  46. 88 


91  26  15. 86 


91  22  22. 50 


91  30  06.56 


91  24  51. 18 


91  29  58.45 


43. 80  15, 591. 80 

07.60  10,881.18 

08. 69  9, 730. 18 
0(.27 


26.92  10.881.18 
28. 76  I  6. 785. 80 
04.48  9,584.25 

oai6 


34.  Vo 
02.27 
03.11 
00.36 


9.534.25 
15,317.97 
15, 768. 14 


6&80  15,817.97 
32.80  11,564.38 
31.26  24.129.02 
0a36  I 


147  52  01. 82 

207  60  40.38 

00  06  32.09 
207  50  40. 38 

40  io  iaii 

01  24  49. 16 

66  12  07. 33 

344  16  44. 87 

66  12  07. 38 

40  07  60. 57 

91  31  49. 67 

185  66  07. 42 

288  66  21.93 
104  00  84. 25 

40  11  27.78 

91  81  20.22 

2(10  12  19. 66 

363  84  41. 08 
209  12  19. 66 

40  18  41. 16 

01  26  03. 60 

156  28  16. 49 

6  45  40. 54 

40  24  24.66 

91  29  20. 18 
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TahitJaf^  results  of  secondary  triangulatioti  from  Cairo  to  Keokuk — Continiied. 


Na 


135 
136 
187 


136 

187 
188 


136 

138 
130 


138 
130 
140 


138 
140 
141 


138 
141 
142 


141 
142 
143 


142 
143 
144 


143 
144 
145 


144 

145 
146 


Stations. 


Gillham 

Yellow  Banks 
Fox  River 


44  10  41. 70 

82  03  42. 00 

53  45  32.  14 

56.83 


Yellow  Banks 107  55  13. 27 

Fox^RiveT !    2H0047.27 

Warsaw 43  54  56  47 

57.01 


Obserred 
angles. 


// 


Yellow  Banks. 

Warsaw 

Boardman.i... 


Warsaw.., 
Bnardman . 
Hughes  . . 


Haghes  . 
Worster. 


Warsaw 
Worster. 
Keokuk . 


Worster. . 
Keokuk . . 
Hamilton 


Keoknk . . 
Hamilton. 
Rapids . . . 


Hamilton  .. 
Rapids  .... 
Lower  Base 


Rapids  — 
Lower  Base 
Upper  Base 


46  62  40. 38 

37  44  11. 48 

05  23  06.  24 

58.10 

85  52  16. 26 

77  22  15.  74 

66  45  27.  24 

59.24 


Warsaw «    60  12  55.20 


67  46  32. 56 

62  00  11.21 
58.07 

38  03  35. 00 

85  24  20.  38 

61  32. 02.  31 

57.68 

32  37  00  55 

48  13  31. 78 

00  09  m  51 

50.84 

66  28  23.54 
55  30  35. 20 

57  51  58. 61 
57.35 

88  21  52. 68 

88  15  08. 22 

52  22  60. 12 

01.03 

85  35  17. 66 

08  42  43. 06 

45  41  54. 08 

55.60 


AdJustM 
angles. 


ii 

42.72 
44.26 
33.31 
00.20 

14.17 
48.10 
57.80 
00.16 

40.85 
12.37 
06.83 
00.05 


Distance. 


listen. 
11, 504. 38 

9,002.28 
14, 200. 88 


0. 902. 28 

18. 707. 80 

6, 799. 60 


6, 700. 60 
4. 085.  03 
4, 180. 04 


16. 71  4, 985. 03 
15.  86  3, 170. 06 
27.47 
00.04 


56.15 
51.80 
12.11 
00.06 

35.09 
21.00 
03.27 
00.05 

00.56 
31.73 
18.72 
00.01 

24.25 
36.28 
59.48 
00.01 

52.10 
08.10 
69.81 
00.01 

18.95 
44.86 
66.69 
00.00 


5. 294. 08 


5, 204. 08 
4,607.46 
5, 550. 52 


5, 550. 52 
3. 444. 29 
6, 293. 56 


3, 4U.  29 
1,880.62 
2. 601. 80 


1,880.62 
2.a36.22 
1,833.75 


2,036.22 
1.505.48 
2, 670. 40 


1, 505. 48 
1, 297.  38 
2,208.60 


Asimuth. 

Latitude. 

Longitade. 

O      /        It 

156  23  16.40 

O      1        It 

O      t        H 

58  24  53.  54 

292  06  33. 18 
58  24  53. 54 

40  2i'34.'82 

91  36  2a87 

266  30  4K.  01 

""""•"*"••■•••" 

130  32  01.  37 
310  20  30. 37 

.......      •••... 

40  22  01. 44 

91  25  40. 96 

168  16  13.74 

1 

83  38  52. 72 
168  16  13.74 

40  24  30.68 

91  26  23.06 

270  53  3C.  04 
24  00  20. 06 

204  08  30.45 

"40'24"38.'06* 

91  24  00.18 

816  22  3&  16 

74  23  53.  38 
254  21  26.60 

40  22  49. 90 

01  21  64. 88 

159  48  15. 07 

41  10  45. 66 
159  48  15. 07 

40  24  34. 70 

91  22  44.81 

201  34  10. 66 

......    .....a 

12  25  40.  01 
201  34  10. 66 

40  24  12. 28 

91  21  30.M 

167  14  35. 01 

45  06  22.13 
167  14  35. 01 

40  26  16.66 

91  21  49i71 

76  29  30. 75 

308  51  47. 88 
76  29  30. 76 

40  25  04.68 

91  22  65. 53 

157  46  03.70 

292  03  53. 52 

40  26  43.61 

91  28  16.84 

APPENDIX   C, 


RKPORTS  OF  ASSISTANT  BNOINEBRS  J.  A.  PAIGE,  J.  B.  JOHNSON,  AND  L.  L.  WHBBLBR 
UPON  THB  FIELD-WORK  AND  RBDUGTION  OF  PRECISE  LEVELS  BETWEEN  CARROLL- 
TON,  LA.,  AND  BILOXI,  MISS.,  AND  BETWEEN  CAIRO,  ILL.,  AND  FULTON,  ILL.,  EXE- 
CUTED UNDER  THE  ORDERS  OP  THB  MISSISSIPPI  RIVER  COMMISSION,  1880-'81-*82. 

1.  Report  of  Assistant  Engineer  J,  A,  Paige  upon  the  field-work  of  li^^Sl,  OrafUm  to  Cairo. 

Office  Mississippi  River  Commission, 

Saint  Louis^  Mo.,  September  21,  1883. 

Sir  :  I  have  the  honor  to  make  the  following  report  of  field  operations  on  precise 
levels  on  the  Mississippi  River,  between  the  mouth  of  the  Illinois  River  and  Cairo, 
from  August  10, 1680,  to  March  16, 1881. 

The  organization  of  the  party  was  as  followR:  James  A.  Paige,  assistant  engineer, 
in  charge ;  O.  W. Ferguson,  assistant  engineer;  £. H.  Sankee,  recorder;  H.  P.  fToume, 
recorder;  four  roflmen,  one  cook,  and  eight  axmen. 

On  October  23,  Mr.  Sankee,  by  your  orders,  was  transferred  to  another  party,  and 
Mr.  P.  P.  Sanborue  reported  for  duty  on  the  same  day. 

Tour  verbal  instructions  previous  to  my  taking  the  field,  were :  To  quarter  the 
party  on  the  quarter-boat  Louisiana,  obtain  the  necessary  instruments  from  the 
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office,  purchase  Bubsistence  stores,  and  have  the  oufit  towed  to  Grafton ;  establish  a 
bench-mark  on  the  ri^ht  bank  of  the  Illinois  River  near  its  month,  which  should  be 
the  beginning  of  the  line;  transfer  the  levels  across  the  Illinois  River;  carry  the  work 
(which  would  consist  of  two  independent  lines  of  levels)  down  the  left  bank  of  the 
Mississippi  River  to  the  mouth  of  the  Missouri ;  cross  here  to  the  ria^ht  bank  of  the 
Mississippi  River,  in  order  that  permanent  bench-marks  might  be  well  established  in 
the  edge  of  the  bluffs,  which  form  the  right  bank  mainly  from  Saint  Louis  to  Com- 
merce ;  and  ultimately  connect  with  the  bench-marks  in  Cairo  established  by  Gen- 
eral ComatocVs  parties  in  1876. 

Ou  August  10,  the  quarter-boat  was  furnished  and,  by  the  steamer  LHtle  Eagle  No. 
3,  was  towed  to  Grafton.  The  first  field-work  consisted  of  determining  the  constants 
of  Kern  levels  Nos.  1  and  2,  and  the  level  viaLs  belonging  to  them.  Kern  level  No.  1 
was  used  by  O.  W.  Ferguson  with  level  vial  No.  7  till  October  7,  when  it  was  broken ; 
after  that  date  level  vial  No.  3  was  used.  Kern  level  No.  2  was  used  by  James  A. 
Paige  with  level  vial  No.  2  throughout  the  season.  Redeterminations  of  the  value 
of  vie  constants  were  made  as  follows : 

Wire  intervals  of  both  levels  at  Nee  ley's  Landing  and  at  Cairo. 

Relative  size  of  rings  of  level  No.  2  at  Neeley's  Landing  and  at  White  SandDepo  t 
Landing. 

Value  of  one  division  of  level  vial  No.  2  at  Neeley's  Landing  and  Cairo. 

Value  of  one  division  of  level  vial  No.  3  was  determined  at  Illinois  station,  where 
it  was  first  used,  and  again  at  Neeley's  Landing  and  at  Cairo. 

In  reduction  of  the  field-notes  the  value  of  these  constants  found  at  any  time  was 
used  until  a  new  determination  was  made ;  after  that  time  the  last  value  found  was 
used. 

The  weather  for  the  first  three  months  of  the  field  season  was  v^ry  favorable  to  the 
work.  On  the  15th  of  November  cold  weather  set  in,  and  from  that  date  till  February 
22  there  were  only  2&i  days  for  both  parties  of  field-work  done.  While  at  Neeley's 
Landing  December  IB,  the* ice  began  running  so  badly  that  the  quarter-boat  could  be 
moved  no  farther.  This  hindered  the  work  very  much.  Finally  the  river  was  en- 
tirely frozen  over,  and  remained  so  till  February  3,  when  a  cake  of  ice  extending  en- 
tirely across  the  river  struck  the  quarter- boat  and  sunk  her.  With  the  aid  of  a  der- 
riekand  some  other  appliances  obtained  at  Grand  Tower  the  boat  was  raised  and 
repaired,  and  on  February  22  moved  to  Commerce,  Mo.,  to  which  point  Assistant 
Ferguson  had  carried  the  levels. 

The  work  was  completed  to  Cairo  on  March  14,  the  quarter-boat  towed  to  Mound 
City  and  turned  over  to  watchman  Schoenfeld,  and  with  Mr.  Ferguson  I  reported  to 
jon  for  further  duty  at  Saint  Louis. 

The  general  conditions  regarding  the  work  during  the  latter  part  of  the  season  were 
anfavorable.  Low  water  prevailed  nearly  the  entire  season.  To  move  the  quarter- 
boKat  by  drifting  with  the  current  very  often  resulted  in  being  hung  up  on  a  rock  or 
bk>wn  on  a  sand  bar.  The  boat  lay  at  Neeley's  Landing  nine  weeks.  Part  of  the  force 
remained  to  look  after  the>boat,  while  Assistant  Ferguson  continued  the  work  below 
whenever  the  weather  would  permit,  subsisting  at  farm  hooses. 

During  this  time  and  for  some  time  previous  the  ground  was  frozen,  and,  as  has 
been  found  previously,  when  running  over  such  a  surface,  it  is  impossible  to  keep  the 
level  stationary.  Also,  part  of  the  line  was  through  wheat  fields  and  swampy  woods. 
Aboot  22  per  cent,  of  tne  whole  distance  was  leveled  more  than  twioe,  and  one  per 
eent.  was  leveled  more  than  three  times. 

The  whole  number  of  days  and  parts  of  days  spent  in  field-work  equals  220  days  for 
oae  party.  The  whole  number  of  kilometers  leveled  equals  797.5.  Average  rate  per 
working  day  equals  3.6  kilometers. 

There  were  66  permanent  bench-yparks  established.  £leven  of  these  were  of  the 
nsoal  pattern — stone  poets  in  grouna  with  copper  bolt  in  top.  The  remainder,  with 
one  exception,  were  copper  bolts  one  centimeter  in  diameter  and  7  centimeters  long, 
leaded  in  brick  or  stone  foundations,  or  in  the  natural  rock  wall.  Those  of  the  latter 
locality,  if  not  interfered  with,  are  as  permanent  as  anything  of  this  nature  can  be 
established.  Where  the  copper  bolts  were  set  horizontally  a  small  hole  in  the  end  of 
the  bolt  marks  the  point  of^  reference.  Temporary  bench-marks  were  set  about  once 
in  every  kilometer. 

While  in  th^  field,  a  descriptive  list  of  bench-marks  was  received,  established  in 
l(i?9f  by  surveys  made  under  direction  of  Colonel  Simpson,  Corps  of  Engineers,  be- 
tween Carondelet  and  Kaskaskia,  with  directions  that  they  be  connected  witn.  Thirty- 
tltree  of  these  sixty-four  bench-marks  were  found  and  connected  with.  They  are  des- 
ignated in  the  field-notes  and  office  computations  as  '*  B.  M. — Holman.'' 

There  vi  ere  six  water-gauges  connected  with  the  levels,  viz :  at  Grafton,  Saint  Louis, 
Riub  Tower,  Grand  £ddy,  Gray's  Point,  and  Cairo.  At  all  of  these  gauges  except 
tb4^  Gray's  Point  gauge,  there  was  a  permanent  bench-mark  left  in  the  immediate 
vicinity. 

The  methods  used  in  field-work  were,  with  a  few  exceptions,  the  same  as  have  been 

H.  Ex.  37 4 
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used  heretofore,  and  need  not  be  farther  described,  any  changes  made  being  incidental 
to  the  locality y  state  of  the  weather,  <^c. 

There  were  4  river  crossings  made  by  reciprocal  leveling — one  at  the  beginning  of 
the  work  across  the  Illinois  Kiver,  one  at  the  month  of  the  Missouri,  one  at  Chester, 
and  one  at  Commerce.  When  these  crossings  were  made,  a  copy  of  the  field-notes 
and  compatations  was  forwarded  to  you. 

Very  respectfully,  vonr  obedient  servant, 

JAMES  A.  PAIGE, 

A$$%ttant  Engineer, 

First  Lieut.  Smith  S.  Leaoh, 

Secretary  Missieeippi  ^iver  CommieeUm. 


2.  Beporis  of  J,  B,  Johneon  upon  the  field-work  of  1881^-'83,  CarrollUm  tp  Biloxi,  and 

Grafton  to  Chicago, 

a.~-CARROLLTON  TO  BILOXI. 

New  Orleans,  La.,  June  26,  1882. 

Sir  :  I  have  the  honor  to  report  npon  the  field-work  of  the  precise  level  party  un- 
der my  charge,  in  connecting  the  United  States  bench-marks  at  CarroUton,  La.,  with 
the  tide-gauge  at  Biloxi,  Miss. 

The  party  consisted  of  J.  B.  Johnson,  assistant  engineer  in  charge ;  O.  W.  Fergu- 
son, assistant  engineer;  A.  Ramel,  recorder;  A.  E.  Kastl,  recorder,  together  with  four 
rodmen  and  five  laborers. 

I  left  Saint  Louis  May  3,  reaching  New  Orleans  on  the  5th.  A  reconnaissance  was 
made  on  that  day,  and  a  line  agreed  upon  for  reaching  the  Mobile  and  New  Orleans 
railroad  by  mnning  back  of  the  city.  On  the  6th  instrumental  cohstants  were  ob- 
served, and  on  Monday,  May  8,  the  regular  work  commenced. 

On  the  9th  I  left  the  party  for  five  days,  under  orders  to  visit  the  observation  party 
at  Red  River  Landing.  Recorder  Ramel  observed  with  my  instrument  while  I  was  on 
this  trip,  as  well  as  on  all  other  occasions  when  it  was  necessary  for  me  to  be  absent 
from  the  work.  The  work  was  completed  at  Biloxi  tide-gauge  June  23.  Instru- 
mental constants  were  observed  on  the  24th,  and  the  party  returned  to  New  Orleans 
on  the  26th.  A  connection  was  then  made  with  the  New  Orleans  City  datum,  which 
could  not  be  found  when  the  work  was  in  that  vicinity. 

The  party  was  disbanded  June  27.  Mr.  Ferguson  taking  part  of  the  outfit  to  Co- 
lumbus, Ky.,  and  the  remainder  shipped  to  Saint  Louis  by  Anchor  Line  steamers. 

description  of  the  line. 

The  total  length  of  the  line  from  Carrollton  to  the  Biloxi  gauge  is  139  kilometers  = 
87  miles.  Of  this,  18  kilometers  was  on  wagon  roads,  50  kilometers  on  railroad  through 
swamp,  7  kilometers  on  railroad  bridges  and  trestles,  64  kilometers  on  railroad  over 
dry  sandy  land. 

The  characteristics  of  the  swamp  region  were^eamed  from  the  road  master.  He 
says  there  is  a  solid  sand  bottom  from  2  to  16  feet  below  the  surface  throughout  the 
whole  distance.  A  vegetable  growth  and  mold  has  formed  on  the  surface,  which  ex- 
t«nds  some  2  or  3  feet  down.  If  the  sand  substratum  is  deeper  than  this,  the  inter- 
mediate region  is  filled  with  a  soft  liquid  mass  which  ofiers  no  resistance  whatever. 
The  road-bed  was  first  made  by  dredging  a  canal  alongside  the  linCr  and  depositing 
the  mud  on  the  line.  Sand  was  then  brought  in  scows,  on  this  side  canal  and  put  on 
top  of  the  mud  road-bed,  until  it  was  stable  enough  to- lay  a  track. 

For  several  years  after  the  track  was  laid  the  road-bed  rapidly  settled  away  in 

S laces  and  more  sand  was  constantly  hauled  to  raise  it  again.  Lines  of  piles  were 
riven  in  many  places  between  the  track  and  the  side  canal,  to  prevent  the  road-bed 
from  flowing  back  into  i;he  canal.  These  piles  are  all  driven  into  the  solid  sand  bot- 
tom, however,  and  are  very  firm.  The  road-bod  now  seems  to  be  (^uite  stable,  and  I 
think  the  fill  has  sunk  down  to  the  solid  substratum  and  there  will  be  little  more 
settling  away.  All  the  piling  under  the  bridges  and  trestles  are  driven  in  saud.  Our 
lines  checked  quite  as  well  tnrough  the  swamp  region  as  on  the  solid  ground.  The 
road-bed  for  the  entire  distance,  is  composed  of  sand,  which  makes  an  excellent  basis 
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for  foot  plates  and  instrnments  as  it  is  non-elastic.    The  7  kilometers  on  bridges  and 
trestles  were  distribnted  as  follows : 

Meters. 

Chef  Menteur-Bridge 560 

Rigolets  Bridge -. 1,100 

Pearl  River  Bridge 520 

Bay  Saint  Lonis  trestle 3,700 

Biloxi  Bay  to  gange  trestle 1,120 

Total  kilometers 7.000 

The  bridges  were  double  quadrangular  iron  truss  bridges  of  100  feet  span,*  resting 
on  piers  made  up  of  sixteen  piles  each.  These  piles  were  well  capped  and  held  at 
top,  and  also  by  diagonal  tie-iron  rods,  reaching  from  top  to  bottom  of  piers.  The 
trestle-work  rested  on  piers  every  fifteen  feet,  of  six  pifes  each.  The  water  was  not 
over  20  feet  deep  on  any  of  these  crossings,  except  that  of  the  Rigolets,  which  was  as 
mnefa  as  4$. 

The  Chef  Mentenr,  Rigolets,  and  Pearl  River  are  outlets  from  Lake  Pontchartrain 
into  Lake  Borgne,  and  are  subject  to  strong  currents  as  the  tide  ebbs  and  flows,  or 
the  wind  drives  the  water  in  or  out.  All  these  bridges  and  trestles  were  found  very 
solid,  and  furnished  a  ffood  basis  for  the  instraments  when  there  was  little  wind  and 
current,  otherwise  work  could  not  be  done  on  them.  These  were  all  crossed  four 
times  under  favorable  circumstances,  except  Pearl  River  bridge,  which  was  crossed 
but  three  times.     All  these  lines  agreed  as  closely  as  on  any  other  part  of  the  work. 

METHOBS  OF  WORK. 

The  methods  employed  were,  in  the  main,  the  same  as  those  heretofore  used  with 
the  Kern  instruments  and  rods.  The  two  lines  were  always  run  in  opposite  direc- 
tions, Mr.  Ferguson  always  running  west,  and  I  always  running  east. 

In  one  particular  the  methods  of  making  the  observations  have  differed  from  those 
previously  used,  and  that  is  the  hubble  was  alicays  kept  in  the  middle  of  the  tube  token 
taking  a  reading. 

This  method  was  not  adopted  arbitrarily  or  rashly.  In  my  first  season's  work  I 
found  that  my  bnbble  changed  its  value  from  2.6  to  3.5  seconds,  according  to  tempera- 
ture. I  therefore  kept  my  bubble  corrections  very  small  so  as  not  to  introduce  any 
large  nncertainty  from  that  source.  In  the  first  half  of  last  season  I  followed  the 
same  plan,  and  with  many  readings  would  have  no  bubble  correction  at  all.  In  the 
latter  half  of  that  season's  work  I  kept  the  bubble  exactly  in  the  middle  for  almost  all 
readings,  and  found  it  could  be  done  as  well  as  not.  This,  of  course,  presumes  that 
the  observer  reads  his  own  bubble,  a  thing  which  I  have  always  done.  Last  season 
Mr.  Ferguson  had  his  recorder  read  his  bubble  and  so  could  not  pursue  this  method. 

A  discussion  of  these  two  systems  is  important. 

( I. )  Having  the  recorder  read  the  bubble  has  some  advantages,  provided  the  bubble  mil 
atand.  He  then  can  wait  till  it  settles,  inform  the  observer  of  the  fact,  and  he  can 
read  the  babble  in  its  true  position  while  the  observer  reads  the  rod. 

The  objections  to  this  are : 

(a.)  It  is  desirable  to  have  as  few  men  about  the  instrument  as  possible.  If  the 
recorder  reads  the  bubble  there  are  three  men,  observer,  recorder,  and  umbrella  man, 
standing  directly  beside  the  instrument. 

(6.)  I  find  that  my  bubble  will  seldom  stand  long  enough  for  me  to  read  the  three 
wires;  a  single  bnbble  reading  is,  in  this  case,  certainly  erroneous. 

(IT.)  The  advantages  of  the  other  system  are,  that  it  enables  the  observer  to  make 
the  complete  observation,  and  also  to  get  all  three  wire  readings  with  the  bubble  iu 
one  position. 

To  have  one  man  read  the  bubble  and  another  to  take  the  shot  is  like  having  one 
to  sight  a  gun  and  another  to  pull  the  trigger,  a  very  good  plan  with  a  fixed  guv ^ 
\fQi  a  very  poor  plan  when  the  gun  is  somewhat  unsteady  and  controlled  by  the  mau 
who  polls  the  trigger.  When  the  bubble  is  almost  constantly  iu  motion,  the  same 
man  most  see  both  bubble  and  wires,  and  at  the  same  time,  and  keep  them  both  in 
view,  in  order  that  he  may  know  when  the  bnbble  is  registering  correctly.  By  hold- 
ing the  head  to  one  side  the  observer  can  keep  his  left  eye  on  the  bubble  and  his  right 
ere  on  the  rod,  and  see  the  bubble  super-imposed  on  the  ro(l ;  or,  if  he  finds  it  diffi- 
cult to  read  with  both  eyes  at  once,  he  can  see  bubble  and  rod  alternately  without 
moving  his  head  and  only  by  opening  and  closing  his  left  eye.  Now  with  his  hand 
at  the  elevating  screw,  under  the  eye  end  wye,  he  brings  the  bubble  to  the  center  and 
keeps  it  there,  stopping  to  look  at  the  bnbble  for  each  wire  reading. 

AAer  having  read  one  wire,  if  the  bubble  has  run,  bring  it  back,  read  the  next 
wire,  again  examine  the  bubble,  bring  it  to  the  center  again,  and  read  the  third  wire. 
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Let  him  do  the  same  also  for  the  second  set  of  readings  (for  the  wires  should  all  be 
read  twice),  and  then,  having  kept  the  babble  in  the  same  place,  he  can  confidently 
assert  the  reliability  of  his  work.  With  100-meter  shots,  if  the  babble  is  read  one- 
half  di\'i8ion  wrong,  an  error  of  0™™.6  has  been  made. 

The  bnbble  often  seenu  to  have  stopped  moving  when  one-half  to  three-qnarters 
division  from  its  true  point  of  equilibrinm,  and  therefore  the  second  set  of  wire  read- 
ings will  often  diifer  from  the  first. 

It  may  be  said  it  requires  too  much  time  to  bring  the  babble  exactly  in  the  middle, 
l)ut  I  think  it  requires  no  more  time  than  to  bring  it  to  any  other  point,  for  it  must 
he  watched  and  kept  to  one  reading  anyway,  if  good  work  is  to  be  done,  and  it  might 
as  well  be  kept  in  the  middle  as  any  wliere  else. 

I  have  run  1^  niiles  per  hour  by  this  method  of  work,  on  100-meter  shots,  and  I  do 
not  find  it  at  all  difficult  to  make  ten  settings  an  hour  of  80-meter  shots,  making  a 
mile  an  hour  on  bO-meter  shots.    This  got  to  be  about  our  normal  gait. 

Another  objection  that  is  made  to  the  observer's  reading  his  own  babble,  is  that 
he  cannot  read  it  correctly,  there  being  a  parallax  of  about  one-half  division  at  each 
end,  caused  by  the  light  passing  obliquely  from  the  bnbble  to  the  mirror,  in  order  to 
reach  the  eye. 

The  instructions  say  that  the  eye  must  be  held  in  such  a  position  that  there  will  bo 
no  parallax.  This  cannot  be  done.  The  objection,  however,  has  little  force,  provided 
the  iJac'^  and  fore  sights  are  kept  equal.  The  error  being  always  constant  and  effect- 
ing hack  and  fore  sights  alike,  their  difference  is  not  changed,  and  if  the  back  and 
fore  sights  are  very  unequal,  this  one-half  division  error  in  bubble  reading  can  be  ap- 
plied, together  with  the  corrections  for  collimation,  inclination,  and  pivots.  In  fact. 
It  and  the  pivot  error  being  sensibly  constant,  may  be  combined,  and  their  resultant 
used  in  connection  with  collimation  and  inclination  errors.  For  these  reasons  I  de- 
termined on  having  no  bubble  corrections  in  my  work  for  this  season,  and  Mr.  Fergu- 
son, with  some  reluctance,  adopted  the  same  method.  I  think  our  extraordinary  close 
agreements  amply  justifies  the  scheme. 

I  believe  that,  when  the  conditions  are  favorable,  this  matter  of  the  bnbble  read- 
ings is  the  chief  source  of  error.  If  the  saving  of  time  in  the  computations  may  be 
allowed  as  an  argnment,  this  method  has  a  great  advantage  over  the  old  one. 

Our  field  work  has  all  been  reduced  in  two  note-books,  instead  of  on  the  computa- 
tion sheets,  with  a  saving  of  three-quarters  of  the  time  it  formerly  required  for  this 
work.  This  certainly  reduces  the  cost  of  the  field  work,  for  that  now  never  has  to  be 
stopped  to  work  up  notes.  I  therefore  conclude  that  the  method  is  more  accurate, 
less  laborious,  and  cheaper  than  that  formerly  used.  The  value  of  the  bnbble  also, 
and  the  changes  in  the  same,  become  of  no  consequence,  neither  is  an  accurate  valne 
of  the  wire  interval  of  much  account,  except  as  getting  the  distance  run. 

In  all  other  respects  the  methods  employea  have  been  the  same  as  those  used  J^fore. 
The  permanent  bench-mark  stones  have  generally  been  set  on  side  lines,  so  that  any 
settling  that  may  have  occurred  in  them  has  not  affected  the  accuracy  of  the  line. 

Twenty-two  permanent  bench-marks  have  been  set,  twelve  of  which  are  stones  set 
in  the  ground,  east  of  Pearl  River,  and  the  rest  are  copper  bolts  leaded  into  draw- 
piers,  abutments,  brick  buildings^  t&c.  Superintendent  J.  T.  Harahan  very  kindly 
gave  us  the  use  of  a  hand-car,  winch  was  or  great  service  and  materially  facilitated 
the  work.  No  other  favors  were  asked  or  received  from  the  railroad  company,  and 
in  return  for  this  one,  I  have  prepared  a  list  of  onr  permanent  bench-marks  with  their 
elevations,  and  also  the  elevations  of  the  road-bed  at  every  station,  which  will  amply 
repay  them  for  the  use  of  the  car. 

Most  of  the  work  has  been  done  from  6  to  8  a.  m.  and  from  4  to  7  p.  m.  There  have 
been  very  few  days  when  work  could  be  done  between  8  a.  m.  and  4  p.  m. 

The  party  were  quartered  at  bat  six  places  between  New  Orleans  and  Biloxi,  a  dis- 
tance of  80  miles,  three  of  these  being  clab-houses  for  New  Orleans  hunters  and  fish- 
ermen. 

BS6ULTS. 

The  length  of  line  was  139  kilometers  (67  miles).  This  was  run  in  forty-seven 
days,  May  8  to  June  23,  inclusive.  Seven  kilometers  of  this  distance  (4.4  miles)  was 
required  to  be  run  four  times.  This  gives  91.4  miles  of  duplicate  line  completed  in 
forty-seven  days,  1.9  miles  per  day.  The  full  party  was  under  pay  fifty-one  days. 
Field-work  was  done  on  thirty-six  days,  making  an  average  of  2.6  miles  per  day  for 
every  day  on  which  work  was  done.  Of  the  rcmaming  fifteen  days  nine  were  Sundays, 
four  were  rainy,  one  was  windy,  with  the  tent«  inaccessible,  and  one  day  was  spent  in 
connecting  with  a  stone  and  setting  a  water-gauge  at  **  West  End  "  on  Lake  Pontohar- 
train. 

DISCUSSION  OF   RESULTS. 

There  were  five  discrepancies  in  the  season's  work  beyond  the  limits;  four  ofthe.se 
were  errors  of  10  millimeters,  and  one  of  20  millimeters.  It  is  pretty  well  determined 
that  these  all  occurred  by  allowing  the  rods  to  get  out  of  the  sockets  in  the  foot-plates. 
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Tbese  sockets  are  Jast  10  millimeters  in  depth ;  every  time  a  train  passes  the  rod  is  taken 
out,  and  in  replacing  it  the  rodman  is  very  careful  not  to  jar  the  plate.  Neither  should 
he  incline  the  rod  too  much  in  patting  it  back  for  fear  of  bringing  a  lateral  pressure 
on  the  plate  and  so  moving  it.  He  therefore  cannot  get  down  to  look  at  it,  neither 
can  he  let  it  in  so  as  to  hear  the  click  as  it  drops  into  the  socket,  as  he  can  when  he 
first  sets  up,  so  that  some  of  those  errors  may  have  come  in  from  this  cause. 

Another  cause  would  be  the  strong  wind,  in  which  we  were  often  able  to  work  on 
accoant  of  the  protection  aflfbrded  the  instruments  by  the  tents.  The  rods,  however, 
had  uo  protection,  and  it  was  with  the  greatest  difi&cnlty  that  the  rodmen  managed 
to  k«ep  their  rods  in  place.  They  used  a  stick  to  brace  up  the  rod  on  the  leeward  side, 
and  if  this  was  held  firmly  against  the  rod,  the  wind  against  the  top,  would  tend  to 
lift  the  rod  bodily  out  of  the  socket.  One  of  the  rods  was  found  in  this  condition  one 
day,  the  spar  resting  out  on  the  top  of  the  plate,  and  it  had  evidently  been  done  in 
this  way,  the  rodman  not  being  conscious  of  the  change. 

Aside  from  these  five  errors,  which  determinations  were  rejected  in  the  field  com- 
pntation,  there  were  no  discrepancies  beyond  the  limit  on  the  entire  line. 

A  number  of  stretches  were  run  a  third  and  fourth  time  to  reduce  the  probable  error, 
althoagh  already  within  the  limit,  all  determinations  being  used. 

There  was  no  marked  divergence  in  the  plot  of  the  two  lines  until  the  last  two  weeks. 
This,  I  think,  was  caused  by  the  road-bed  becoming  verv  dry,  there  having  been  no 
rain  in  that  time.  When  trains  pass,  the  whole  ro^-bed  is  shaken  somewhat,  and  if 
there  is  dry  sand  about  the  foot-plates  it  is  liable  to  work  under  them,  and  so  raise 
them  sliehtly.  The  discrepancies  are  in  the  direction  to  indicate  a  raising  of  the  foot- 
plates.   The  results  obtained  on  the  bridges  and  trestles  are  very  satisfactory. 

We  have  for  the  five  such  stretches : 


Locality. 


Chef  ICentenr .  . 

Ri^oleU 

Piarl  River 

Bay  Saint  Louis 
Biloxi  Bridge... 


Distance. 

Knmber 
nf  lln  AA. 

Maxi- 
mum dis- 

Probable 
error  of 

1 

^^   crepanoy. 

mean. 

m. 

tntn. 

miM. 

560 

4 

1.8 

0.2 

I.IOO 

4 

1.3 

0.2 

520 

3 

0.9 

0.2 

8,700 

4 

8.5 

0.5 

1,120 

4 

3.5 

0.5 

Many  trains  passed,  both  while  crossing  these  bridges  and  also  between  the  differen  ^ 
crossings.  The  evidence  is  conclusive  that  there  is  no  appreciable  settliujj^  of  these 
piles  for  passing  trains.  The  probable  error  in  the  mean  for  the  entire  line  is  7  milli- 
meters. This  corresponds  to  a  probable  error  in  the  mean  of  0.60  millimeters  per 
kilometer,  a  degree  of  accuracy  not  hitherto  attained,  I  believe,  in  this  country. 

It  will  be  seen,  by  comparing  their  elevations  in  the  summary,  that  the  6-foot  mark 
nn  the  Bilozi  gauge  is  25.5  millimeters  below  the  zero  of  the  Carrol Iton  gauce.  Tho 
keeper  thinks  mean  tide  is  a  little  below  the  6-foot  mark.  It  is  likely,  thererore,  that 
the  zero  of  the  Carrollton  gauge  will  prove  to  be  some  2  or  3  inches  above  mean  tide. 

The  work  is  much  indebted  to  the  attention  paid  to  it  by  Major  Harrod.  It  was 
throngh  his  influence  that  a  hand-car  was  obtained,  and  also  that  the  party  was 
allowed  to  occupy  various  club-houses  throngh  the  swamp  region.  The  orirauization 
of  the  party  was  very  satisfactory.  Mr.  Ferguson  is  always  to  be  conimenoed  for  the 
intelligence,  care,  and  conscientious  devotion  he  brings  to  the  work,  and  Recorders 
Kamel  and  Kastl  are  well  deserving  of  further  employment.  Mr.  Hamel  acted  as  an 
observer  on  31  stretches,  aggregating  24  miles,  on  only  one  of  which  was  the  discrep- 
ancy beyond  the  limit,  and  that  one  by  10  millimeters,  probably  an  error  of  the  rod- 
man 

Very  respectfully,  your  obedient  servant, 

J.  B.  JOHNSON, 
Aaaisiant  Engineer. 

First  Lient.  Smith  S.  Lbach, 

Corps  of  EngineerSy  U.  8.  A.,  Secretary  MisHsHppi  Biver  Commisaum. 

6.— GBAFTON   TO   CHICAGO. 


Saint  Louis,  September  1, 1883. 

Sir  :  1  have  the  honor  to  submit  the  following  report  of  the  field  work  of  precise 
levels  from  Grafton  to  Chicago.     This  work  was  done  in  three  seasons,  viz : 
I.  Grafton  to  Keokuk,  151  miles,  done  May  21  to  Auspst  30,  18^1. 
II.  Keoknk  to  Fnlton,  170  miles,  done  September  6  to  November  25,  1682. 
in.  Fnlton  to  Chicago,  170  miles,  done  May  2  to  August  7, 1883. 
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The  observers  for  all  ibis  work  were  O.  W.  Fergason  and  J.  B.  Johnson.  Each  ob- 
server had  a  recorder,  two  rodmen,  and  two  axmen  at  his  disposal,  thus  making  two 
separate  working  field  parties.  Both  parties  were  quartered  together,  and  were  in 
charge  of  J.  B.  Johnson.  From  Grafton  to  Keokuk  they  lived  on  a  qaarter-boat ;  from 
Keokuk  to  Chicago  they  found  accommodations  in  the  villages,  and  used  a  hand-car 
to  go  to  and  from  work.  Of  the  491  miles  of  line  from  Grafton  to  Chicago,  406  miles 
were  run  on  railroads,  and  85  miles  along  the  edge  of  the  river  bank.  From  Grafton  to 
Savanna,  the  most  northerly  point  reached  on  the  river,  railroads  were  only  used  when 
they  were  in  close  proximity  to  the  river  bank,    v 

BENCH-MAKKS. 

From  Grafton  to  Chicago  147  permanent  bench-marks  were  set,  110  of  which  may 
be  found  near  to  the  river,  between  Grafton  and  Savanna ;  of  the  remaining  ^,  31 
are  on  the  line  of  the  Chicago,  Milwaukee  and  Saint  Paul  Railway,  from  Savanna  to 
Chicago,  and  6  in  the  city  or  Chicago.  These  bench-marks  are  nearly  all  copper  bolts 
leaded  into  natural  rook,  bridge  piers,  and  abutments,  foundations  of  buildings,  and 

US 
in  stones  set  in  the  ground.     They  are  generally  marked  with  the  letters     O 

PBM 

arranged  in  this  manner  about  the  bolt-head.  Most  of  them  are  set  horizontally  in 
vertical  walls  and  faces  of  rock,  and  the  balance  vertically  in  horizontal  surfaces. 
The  latter  are  more  convenient  to  connect  with,  but  are  more  liable  to  be  disturbed 
and  covered  from  sight. 

In  addition  to  these  permanent  benches,  connection  was  made  with  30  "permanent 
bench-marks "  set  in  Colonel  Farquhar's  survey  of  the  Mississippi  River,  and  pub- 
lished in  the  Report  of  Chief  of  Engineers  for  1880,  page  1520. 

Temporary  bench-marks  were  set  about  every  kilometer,  or  whenever  the  work  was 
interrupted.  There  were  usually  points  of  natural  rock,  abutments,  spikes  in  stumps 
or  roots  of  trees,  or  in  the  trestle-work  over  piles,  or  else  stakes  driven  in  the  ground. 
Where  the  stability  of  the  temporary  bench  was  not  assured,  more  than  one  was  set ; 
in  this  case,  both  were  connected  with  a^ain  iin  starting  from  them,  and  the  mean 
elevation  of  the  two  was  used  in  continuing  the  line.  With  but  one  exception,  no 
temporary  bench  was  ever  found  to  have  moved,  and  this  one  was  a  spike  in  a  cattle- 

gnard  where  the  timbers  were  aft-erwards  found  to  be  decayed.    This  movement  was 
iscovered  in  the  field,  and  the  line  continued  from  the  next  set  of  benches  back  on 
the  hue. 

LOCATION  OF  LINE. 

The  location  of  the  line  run  is  as  follows : 

From  Grafton  to  Clarksville,  58  miles,  on  the  east  bank  of  the  river. 

From  Clarksville  to  Burlington,  135  miles,  on  the  line  of  Saint  Louis  and  Keokuk, 
and  Chicago,  Butlington  and  Quincy  railways,  on  the  west  bank. 

From  Burlington  to  New  Boston,  36  miles,  on  the  line  of  the  Chicago,  Burlington  and 
Quincy  Railway,  on  the  east  bank. 

From  New  Boston  to  Port  Louisa,  9  miles,  on  the  east  bank,  through  the  bottoms. 

From  Port  Louisa  to  Muscatine,  18  miles,  on  the  west  bank,  through  the  bottoms. 

From  Muscatine  to  Rock  Island,  29  miles,  on  the  line  of  the  Chicago,  Rock  Island 
and  Pacific  Railway,  on  the  west  bank. 

From  Rock  Islana  to  Savanna,  58  miles,  on  the  line  of  the  Chicago,  Milwaukee  and 
Saint  Paul  Railway,  on  the  east  bank. 

From  Savanna  to  Chicago,  148  miles,  on  the  line  of  the  Chicago,  Milwaukee  and 
Saint  Paul  Railway. 

This  necessitated  crossing  the  river  four  times  with  the  line  of  levels,  viz,  at 
Clarksville,  Burlington,  Port  Louisa,  and  Rock  Island. 

At  Clarksville  and  Port  Louisa  the  crossings  were  effected  by  simultaneous  reading's 
with  two  instruments  on  opposite  sides  of  the  river,  the  mid  wire  bisecting  a  lar^e 
target  on  the  opposite  shore.  Sixteen  readings  were  taken  by  each  instrument,  in 
sets  of  four,  which  were  as  follows: 

1.  Telescope  normal,  level  direct. 

2.  Telescope  normal,  level  reversed. 

3.  Telescope  inverted,  level  direct. 

4.  Telescope  inverted,  level  reversed. 

Then  each  observer,  with  his  instrument,  crossed  over,  and  the  same  was.  repeated. 
The  longest  readings  thus  taken  were  about  600  meters.    Very  good  results  were 
obtained,  the  probable  error  being  less  than  a  millimeter. 
At  Burlington  and  Rock  Island  the  crossings  were  made  on  bridges. 
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INSTRUMENTS. 

The  instnunents  used  on  this  work  are  the  Kern  levels,  and  rods  similar  to  those 
used  in  the  precise  levels  of  Switzerlandi  and  are  made  by  J.  Kern,  of  Aaran.  The 
instrument,  with  tripod,  weighs  22  pounds.  It  has  three  steel  leveling  screws,  with 
enlarged  spherical  ends  at  bottom,  which  are  held  to  the  tripod  head  by  clamps 
fitting  over  the  spherical  enlargements.  The  wye  adjustment  is  by  means  of  a  thumb* 
screw  of  very  fine  thread,  so  that  the  last  final  centering  of  the  bubble  is  made  with 
this  screw.  The  bubble  tube  is  fixed  in  a  striding  wooden  case,  with  brass  ends  fit- 
ting on  the  collars  of  the  telescope.  The  bubble  case  has  a  glass  cover  and  a  mirror 
that  may  be  raised  to  the  angle  of  45^  and  so  reflect  the  bubble  image  to  the  eye  of 
the  observer  at  the  eye-piece.  The  telescope  clamps  also  hold  the  bubble  case  in  posi- 
tion ;  this  is  removed,  however,  when  the  instrument  is  carried.  The  telescope  gives 
an  inverted  image.  The  reticule  has  three  horizontal  wires,  all  of  which  are  read ,  and 
the  mean  taken  as  the  reading  of  that  sight.  This  also  gives  a  stadia  measurement  of 
the  distance. 

The  rods  are  3  meters  long,  made  of  two  pine  boards  with  a  T'8^a'P^<^  cross  section, 

grovided  with  an  iron  spur  at  bottom  with  a  flat  end,  and  a  watch  level  by  which  to 
old  it  vertical.    They  are  graduated  to  centimeters,  and  are  read  by  estimation  to 
millimeters.    No  target  is  used. 

FIELD  METHODS. 

1.  Duplicatian. — In  all  this  work  the  lines  between  benches  have  always  been  dupli- 
cated by  running  the  second  line  in  the  opposite  direction.  From  Grafton  to  Keokuk 
the  daplicate  lines  were  run  by  different  observers,  Mr.  Ferguson  always  running 
north  and  Mr.  Johnson  south.  From  Keokuk  to  Chicago  each  observer  duplicated 
his  own  work.  It  was  never  attempted  to  carry  two  lines  simultaneously  with  one 
instrument.       , 

2.  ObserviUion. — Great  care  was  taken  to  always  get  the  back  and  fore  sights  equal 
in  length;  Since  the  interval  between  extreme  wire  readings  gave  a  stadia  measure- 
ment of  the  distance,  the  recorder  knew,  by  means  of  the  continued  sum  of  back  and 
fore  sight  intervals,  at  all  times,  what  the  total  difference  was,  and  could  instruct 
the  Todman  to  make  the  requisite  correction.    This  was  carefully  attended  to. 

The  bubble  was  always  read  by  the  observer  in  the  mirror  set  for  that  purpose. 
This  was  read  by  the  observer's  left  eye,  without  removing  his  right  eye  from  the 
eye  piece.  There  was  a  small  parallax  on  the  bubble  when  the  eye  was  in  this  posi- 
tion, but  since  the  error  was  constant  for  both  back  and  fore  sights,  it  was  eliminated. 
From  Grafton  to  Keokuk  the  bubble  was  brought  approximately  to  the  middle  and 
read,  and  a  correction  applied  for  Its  eccentric  position.  From  Keokuk  to  Chicago, 
the  bubble  was  brought  carefully  to  the  center  and  held  there  by  means  of  the  very 
delicate  wye  adjusting  screw,  so  that  there  were  no  corrections  for  babble  displace- 
ment on  this  part  of  the  work.  The  latter  method  was  found  to  be  about  as  con- 
venient in  the  field,  and  it  saves  much  work  in  reduction. 

In  connecting  with  horizontal  benches  it  was  the  common  practice  to  set  the  in- 
strument on  a  plane  with  the  bench  and  make  the  middle  wire  bisect  the  small  hole 
in  the  center  of  the  bolt,  reading  both  back  sight  on  rod  and  fore  sight  on  bolt, 
with  the  telescope  in  l>oth  normal  and  inverted  positions.  This  was  necessary,  be- 
eause  three  wires  were  read  on  the  rod,  and  the  middle  wire  did  not  exactly  coincide 
with  the  mean  of  the  three. 

The  rod  supports  used  in  1881  and  1683  were  iron  foot-plates  of  some  18  square  inches 
area,  triangular  in  shape,  having  a  handle,  3  spurs  at  bottom,  and  a  socket  in  the  top, 
with  a  convex  bottom  to  receive  the  spur  of  tne  rod.  In  1882  iron  pins  were  used 
in  addition  to  the  foot-plates,  or,  in  place  of  them,  on  portions  of  the  line  where,  from 
our  experience,  they  were  thought  to  be  better  than  the  plates.  This  was  on  alluvial, 
moist,  or  springy  ground,  where  the  plates  were  liable  to  change  their  elevatiou. 
8<Nnetime8  m  the  woods  it  would  be  almost  impossible  to  get  good  solid  earth  on 
which  to  set  the  plate.  I'he  pins  were  found  to  work  very  w^l  in  these  places,  but  in 
loose  earth,  as  sand  or  unpacked  gravel,  the  foot-plates  are  greatly  superior.  If  but 
one  kind  of  support  is  to  oe  used  under  all  conditions,  the  foot-plates  are  preferable. 

INSTRUMENTAL  CONSTANTS  AND  ADJUSTMENTS. 

The  value  of  one  division  of  the  level  bubble  in  seconds  of  arc  was  determined  two 
or  three  limes  each  field  season,  also  the  difference  in  the  diameters  of  the  telescope 
collars,  and  the  correction  therefor,  and  the  value  of  the  wire  intervals.  The  adjust- 
meot  of  the  bubble  tube,  and  the  line  of  collimation  of  the  mean  of  the  three  wires, 
to  the  axis  of  the  telescope  collars,  was  made  or  examined  every  time  the  instruments 
wen»  set  iip,  and  again  on  closing  a  stretch.     In  the  former  case  the  error  of  paral- 
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lelism  was  made  very  small,  and  in  the  latter  its  absolute  valne,  in  seconds  of  arc^ 
was  found  by  reversed  readings.  These  values,  found  at  the  close  of  the  stretchy 
called  corrections  for  'inclination"  and  ''coilimation/'  together  with  the  correction 
for  ineonality  of  collars,  called  the  "  pivot"  correction,  were  all  evaluated  for  the  re- 
sidual difiference  in  distance  between  sums  of  back  and  fore  sights^  and  the  resulting 
correction  applied  to  the  computed  elevation  of  the  forward  benches.  The  algebraic 
sums  of  these  corrections  seldom  amounted  to  more  than  one  or  two-tenths  of  a  milli- 
meter, on  account  of  the  care  taken  to  keep  the  back  and  fore  sights  equal. 

The  corrections  resulting  from  the  condition  of  the  instrument  at  the  close  of  the 
stretch  were  alone  used,  because  where  constant  care  had  been  exercised  to  keep  the 
back  and  fore  sights  balanced  up,  the  residual  difference  would  usually  be  made  on 
the  last  one  or  two  settings. 

PROORESS. 

The  following  table  shows  the  rates  of  progress  made  in  the  three  seasons : 


....                                                             J 
Item. 

Grafton  to 
Keoknic. 

Keokuk  to 
Fulton. 

Fulton  to 
Chicago. 

Grafton  to 
Chicago. 

I/Onirth  of  line 

151 

94 

73 

1.6 

2.1 

170 

81 

58 

2.1 

2.9 

176 
98 
67 

1.7 

491 

Number  of  davs  in  entire  field  seuon 

273 

l^nmber of dATii in  which  work  'wm done  ...r-.^,.,T,, 

198 

Avenure  daily  ran  in  milee  for  entire  season 

1.8 

A  rerage  dally  run  in  miles  for  working  days 

2.5 

2.5 

These  average  runs  may  be  taken  as  finished  duplicate  work  by  the  two  parties  or 
as  single  line  by  one  party. 

The  greater  progress  made  in  the  season  of  1882  was  due  to  the  good  weather  and 
the  use  of  the  hand-car  and  the  observing  tents.  These  latter  were  made  to  be  used 
on  the  Gulf  coast  to  protect  the  instrument  from  the  wind.  They  are  5  by  6  feet  wall- 
tents,  with  one  8- foot  center  pole,  held  at  bottom  by  eight. steel  pins.  They  allowed 
work  to  be  done  on  many  days  wnen  it  would  have  been  impossible  without  them. 

CONNECTIONS  AT  CHICAGO. 

The  object  of  carrying  the  line  to  Chicago  was  to  connect  witli  Lake  Michigan. 
The  Lake  Survey  haa  determined  the  elevation  of  certain  bench-marks  at  Milwaukee^ 
as  well  as  the  mean  elevation  of  Lake  Michigan,  for  the  months  of  May,  June,  July, 
and  August,  1^5,  and  also  the  mean  elevation  of  the  lake  from  January  1,  1860,  to 
Deceml^r  31,  1875,  above  mean  sea-level  at  New  York  City. 

At  Chicago  a  gau^e  had  been  read  three  times  a  day  at  the  crib,  being  the  entrance 
to  the  tunnel  two  miles  from  shora,  since  1872.  This  gauge  had  apparently  remained 
undisturbed  since  it  was  first  set.  Its  zero  wqs  set  at  8.01  feet  above  city  directrix 
by  spirit  levels  carried  through  the  tunnel.  In  1878  a  water-level  connection  of  great 
accuracy  was  made  by  the  present  city  engineer,  Mr.  S.  G.  Artingstall,  between  the 
crib  and  the  shore,  and  the  crib  gauge  was  found  to  be  0.246  foot  too  low  by  the  shore 
benches.  The  crib  gauge  was  taken  as  correct,  however,  and  corrections  applied  to 
the  shore  bench-marks.  By  this  decision  the  city  directrix  is  a  point  8.01  feet  below 
the  zero  of  the  crib  gauge. 

The  line  of  precise  levels  was  joined  with  eight  city  benches  and  with  the  crib 
gauge  by  water  levels.  These  water  levels  consisted  in  reading  3  gauges  on  shore  and 
2  at  the  crib  every  five  minutes  for  seven  consecutive  hours  on  a  calm  day.  This  con- 
nection from  shore  to  crib  agreed  with  that  of  the  city  engineer  iu  1878  to  the  nearest 
thousandth  of  a  foot. 

Having  thus  joined  the  line  of  precise  levels  with  the  zero  of  the  crib  (j^auge,  it  re- 
mained only  to  obtain  a  comparison  of  gauge-readings  at  Chicago  and  Milwaukee  to 
trausfer  ithe  Milwaukee  elevations  to  Chicago.    Thus  the  Mississippi  River  line  of 

Srecise  levels  is  joined  to  the  United  States  Lake  Survey  line  of  levels  from  New  York 
ity.     (For  a  description  of  the  determination  of  the  elevation  of  the  Great  Lakes, 
see  Professional  Papers,  Corps  of  Engineers,  No.  24,  p.  595.) 

The  following  recorders  have  assisted  on  the  work :  A.  Ramel,  P.  P.  Sanborn,  A. 
L.  Amer,  £.  K.  Woodward,  jr.,  and  S.  J.  Fitzhugh,  all  of  whom  discharged  their 
duties  with  credit.    My  assistant,  Mr.  O.  W.  Ferguson,  deserves  especial  mention  for 
the  accuracy  and  rapidity  with  which  he  has  always  done  his  work. 
Very  respectfully,  your  obedient  servant, 

J.  B.  JOHNSON, 
United  States  Aasistant  Engineer 
FWst  Lieut.  Smith  S.  Leach, 

Secretary  Mississippi  River  Commission. 
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Cottonwood  Point,  Mo., 

October  29,  1883. 

Sib:  I  have  the  honor  to  snbmit  the  following  report  npon  the  reduction  of  precise 
levels,  made  ander  my  direction.  These  levels  include  the  following  sections :  From 
Carrollton,  La.,  to  Biloxi,  Miss.^  a  distance  of  140  kilometers ;  from  Grafton,  HI.,  to 
Cairo,  111.,  a  distance  of  346  kilometers;  from  Keokuk,  Iowa,  to  Grafton,  HI.,  a  dis- 
tanoe  of  ^42  kilometers ;  and  from  Keoknk,  Iowa,  to  Fulton,  HI.,  a  distanoe  of  2^ 
kilometers. 

In  the  reductions  made  under  my  direction,  the  greatest  care  has  been  taken  that 
no  errors  of  computation  should  enter  into  the  results.  All  reductions  have  been 
checked,  either  by  comparison  with  the  corrected  field  reduction,  or  by  two  persons 
computing  the  same  resulto  independently.  It  is  therefore  believed  that  the  results 
here  given  may  safely  be  taken  as  the  correct  ones  resulting  from  the  observations. 

In  these  four  sections  the  instruments  used  were  alike,  and  the  method  of  field  work 
nearly  the  same  throughout. 

The  instrumente  and  rods  were  manufactured  by  J.  Kern,  of  Aarau,  Switzerland, 
and  are  similar  to  those  described  in  the  Report  of  the  Chief  of  Engineers  for  1877, 
page  1190. 

Table  A  shows  the  various  determinations  of  the  instrumental  constante  up  to  the 
date  of  the  completion  of  the  line  from  Keokuk  to  Fulton. 

Table  B  shows  the  instrumental  constants  used  in  reducing  the  notes  of  each  section, 
and  the  computers'  names.  In  this  table  i  and  t'  are  the  angular  distances  of  the 
upper  and  lower  wires,  respectively,  from  the  midwire,  and  I  is  the  aneular  distance 
between  extreme  wires.  The  remainder  of  the  table  is  sufiQciently  explained  by  the 
headings  of  the  columns. 

Table  A. — Conetante  for  Kern  levels  and  Kern  level  rods. 

[p  i»  for  "pivot  correction,"  or  oorrection  for  inequality  of  telesoope  rings.  It  is  the  angular  correo- 
tim  to  be  ^pUed  to  the  line  of  ooilimation  to  reduce  it  to  the  horizontal  plane  of  the  upper  surface 
of  the  rinisB.  « is  the  value  of  one  division  of  the  level  tube  in  seconds  oi  arc.  L  is  the  length  of  a 
three-meter  rod.] 


dumber  of  instrument. 


Constant. 


Date. 


/» 

Sera  level 

P  = 

—  0.34 

P  = 

—  1.04 

P  = 

—  1.50 

P  = 

—  2.66 

P  = 

—  1.38 

»  = 

-3^52 

P  = 

—  L91 

P  = 

—  2.46 

2 

P  = 

+  0.09 

2 

P  = 

+  0.50 

2 

P  = 

+  1.84 

3 

P  = 

+  2.68 

3 

P  = 

+  0.17 

3 

P  = 

+  0.19 

8 

P  = 

+  1.10 

3 

P  = 

+  2.71 

8 

P- 

—  0.87 

5 

P  = 

—  1.85 

Sen  lend  tube... 

2 

V  = 

4.08 

2 

•  = 

8.83 

2 

V  = 

4.49 

2 

V  = 

5.60 

2 

«  = 

4.61 

8 

V  = 

3.06 

8 

V  = 

3.25 

3 

V  = 

3.27 

8 

V  = 

3.22 

8 

•  = 

2.90 

3 

V  =s 

8.24 

3 

V  = 

8.04 

8 

V  ss 

a  21 

3 

«  = 

3.19 

6 

V  =s 

2.94 

5 

Vss 

2.85 

5 

V  ss 

2.76 

5 

V  ss 

2.86 

7 

»sr 

4.26 

11 

V  = 

2.66 

Aujr.  14, 
May  24, 
Aug.  11, 
Aug.  27, 
Feb.  3, 
May  11, 
June  24, 
Dec.  20, 
Aug.  16, 
Oct  22, 
I  Jan.  8, 
i  May  26, 
Feb.  4, 
I  May  11, 
June  24, 
Sept.  6, 
Dec  21, 
Feb.  4. 
Aug.  14, 
Aug.  16, 
Aug.  19, 
Jan.  8, 
Mar. 
Oct. 
Oct 
Jan. 
Oct 

May  24, 
Aug.  9, 
Aug.  27 
May  6, 
June  23, 
May  26, 
Aug.  9. 
Aug.  27, 
May  7, 
Aug.  13, 
Aug.  21, 


15, 
7, 
9, 
7. 

14, 


1880 
1881 
1881 
1881 
1882 
1882 
1882 
1882 
1880 
1880 
1881 
1881 
1882 
1882 
1882 
1882 
1882 
1882 
1880 
1880 
1880 
1881 
1881 
1880 
1880 
1881 
1881 
)881 
1881 
1881 
1882 
1882 
1881 
1881 
1881 
1882 
1880 
1880 


Ko.  of 
observa- 

Probable 

tions. 

error. 

42 

± 

0.30 

10 

± 

0.18 

10 

± 

0.05 

10 

-fc 

0.06 

7 

± 

0.09 

14 

10 

± 

0.06 

8 

± 

0.18 

4 

± 

0.08 

8 

± 

0.07 

16 

± 

0.02 

8 

± 

0.03 

6 

± 

0.11 

14 

10 

± 

0.06 

6 

•  •  «  * 

8 

± 

b.io 

5 

± 

0.05 

74 

83 

37 

23 

81 

24 

28 

32 

30 

10 

^ 

0.04 

10 

± 

0.02 

10 

± 

0.08 

6 

12 

;:::;. ::::i 

6 

± 

0.02 

36 

± 

0.01 

10 

± 

0.03 

6 

80 

19 

Remarks. 
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Table  A. — Constants  far  Kern  levels  and  Kem  level  rods — Continued. 


Nmiber  of  inatrament. 


Kern  lereling-rod X 


XI 

•xn 

xn 

xm 


xm 

XIV 

XV 

XVI 

xvn 


Constant. 


Ls 
L= 
Ls 
Ls 
L= 

L=r 


L: 
L: 
L: 

L: 
L= 


8.000011 
8.000280 
3.000102 
8.000303 
2.900019 
8.000113 
8.000070 


8.000293 
8.000029 
8.000159 
8.000038 
a  000188 


Date. 


<  Jane,  1880 
\  Aag.,1882 

Aag.,1882 

(  Jane,  1880 
\  Aag.,1882 

Aag.,1882 

C  Jane,  1880 
\  Aag.,1882 

Aag.,1880 

C  Jane,  1880 
{Aag..l882 

Aag.,1882 
Aag.,1882 
Aag.,1882 
Aug.,  1882 
Aag.,1882 


} 


] 


\ 


Ko.of 

observa- 

tiona. 

Probable 
error. 

// 

- 

Bemarka. 


TMean  of  Lake-Sarvey 
I  determinations,  aiul 
<     those  in  office  oi  Mis- 


sissippi 
misaon. 


Birer  Com- 


'Mean  of  Lalce-Sarrev 
determinations,  ana 
those  in  office  of  Mia- 
sissippi  Blrer  Com- 
mission. 

'Mean  of  lAke-Sarrev 
determinations,  ana 
those  in  office  of  Mis- 
sissippi Biver  Com- 
mission. 

'Mean  of  Lalce-SorreT 
determinations,  ana 
those  in  office  of  Mis- 
sissippi Birer  Com- 
misubn. 
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Accompanying  thiB  report  are  tables  of  results  and  descriptions  of  the  permanent 
bench-marks. 

In  the  tables  of  results  column  1  gives  the  bench-mark,  T.  B.  M.,  signifying  tempo- 
rary bench-mark,  andU.  S.  P.  B.  M.,  signifying  United  States  permanent  bench-mark. 

Column  2  contains  the  distances  in  kilometers  from  the  initial  bench-mark. 

Column  3  giyes  the  direction  in  which  the  line  was  leveled. 

Column  4  ^ives  the  successive  differences  of  elevation  in  meters  between  bench- 
marks, and  the  mean  of  such  determinations. 

Column  5  gives  the  residuals  found  by  subtracting  each  determination  £rom  the 
mean. 

Column  6  gives  the  probable  error,  r,  of  the  mean  in  column  4,  computed  by  the 
formula 


r  =  +  0.(5745 


V»»(m'— 1) 


Column  7  gives  the  probable  error  R,  of  the  mean  elevation  of  each  permanent 
bench-mark  as  computed  from  the  beginning  of  the  section. 

Column  8  gives  the  elevations  of  all  bench-marks  referred  to  the  Cairo  datum 
plane,  which  is  S^.84  feet  below  the  zero  of  the  United  States  Engineers'  gauge  at 
Cairo,  111. 

Column  9  ffives  the  corrections  which  are  to  be  applied  to  the  elevations  in  column 
8  to  reduce  tnem  to  standard  meters.  * 

Column  10  gives  the  corrected  elevations  referred  to  the  same  datum  plane. 

Column  11  gives  the  initial  of  the  observer  for  each  determination. 

'^  J  "  is  for  Assistant  J.  B.  Johnson. 

"  F"  is  for  Assistant  O.  W.  Ferguson. 

"  P"  is  for  Assistant  J.  A.  Paige. 

"  S  "  is  for  Recorder  E.  H.  Sankee, 

"  B  "  is  for  Recorder  H.  P.  Bourne. 

"  Sn"  is  for  Recorder  P.  P.  Sanborn. 

"  R"  is  for  Recorder  A.  Ramel. 

Column  12  indicates  the  nature  of  the  suppolii. 

The  above  report  is  respectfully  submitted. 


First  Lieut.  Smith  S.  Leach, 

Secretary  Miasiseippi  River  Cammiseum, 


L.  L.  WHEELER, 

Aseietant  Engineer, 


Besults  of  precise  leveling. 

CABROLLTOl^.  LA.,  TO  BILOXI.  MISS, 
f  Bench-marka  marked  witii  an  asteilak  are  not  in  main  line  of  levels.] 


Bench. 


C.  and  6.  S.  1,  Car- 
rollton. 

*B.  M.  Hampson. 
(Re-eatablished 
by  Mi^.  Howell) 


*B.  H.  HampBon 

(Wmiamaf. 
*B.M.g,  Kipley... 


o 

I 

S 


Km. 


Mean 


Meiui 


•I 


S 


M. 


V. 


Sim. 


—0.3732 
—0. 3710 


—0. 3721 


->0.1980 


+0. 7479 


+1.1 
—1.1 


+0.1 


+0.7483  —0.3 


+0.7477 


+0.7480 


+0.3 


r. 


Mm. 


0.7 


0.1 


B. 


Jfin. 


a 

Q 


M. 


&e55i 


o.  8292 
9.7752 


Mm, 


jr. 

t9.0272 


I 


P. 
P. 


F. 

F. 
F. 
J. 


f  P.  B.  1£  1,  Ganollton,  below  P.  B.  M.  1,  Greenville  -87. 0619  M,  famished  in  mannacript  by  the  United 
S  tates  Coast  and  Geodetic  Survey.    Office  Report,  Oil,  A.  C.    P.  B.  M.  1,  GreenTille  above  Cairo 
datum  46.0801  H.    Report  for  1882,  page  74. 
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Besulta  of  precise  leveling — Continuod. 
CABBOLLTON,  LA.,  TO  BILOXI,  MISS.— Continued. 


Bench. 

• 

1 

Difference  of  ele- 
vation. 

< 

• 

r. 

R. 

• 

1 

> 

1 

8 

Corrected  eleva- 
tion. 

• 

Observer. 

*&1L  4.  Ripley... 

Km. 

••••••... 

M,       1  Mm. 
+0.4899   +1.0 
+  0.4910   —0.1 
+0.4017   —0.8 

Mm, 
0.4 

Mm. 

M. 
9. 5181 

Mm 

M. 

F. 

Mean .. 

F. 

1 -  . 

J. 

+0.4909 

—0.1 

1 
1 

0.1  \ 

•R  YL  5,  Bum'ey  . . 

+0. 0032 

9.0303 

1 

F. 

Mean.. 

+0.0030   -4-0.1 

J. 

+0.2 
—0.2 

1 

1 
1 

0.1  i 

10.6402 

+0.0031 

"U-foot  mark  of 

+1. 6128 
+1. 6132 

F. 

wster  gange. 

Mean.. 

1 

J. 

CarraTltAn 

1 

p 

9. 1478 
7.7656 

7.3698 

0.0 

9. 1478 

+L6130 

*IT.  &  P.   R    M. 

-f  0. 1206 

J. 

"CanoUton." 
*CitTB.M.inar1ced 

fXX     M.       B., 

Jane,  1874]. 
T.B.M.1 

! 

— L2617 

J. 

1.03 

8.38 
8.80 

3.86 
&08 

&65 
1L48 

1L74 
5.86 
6.74 

E 

E 

W 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

W 

Mean.. 

+1.2 
+1.1 
—3.6 

+1.1 

0.8 

—1.6586 
—1.6585 
—1.6538 
—1.6586 

J. 

J. 

F. 

f 

F. 

0.5 

7.4840 

— L6574 

iLa^2 

+0.1150 

—0.8 

J. 

•fO.1135  1-4-0.7 

F. 

0.0 
0.0 

0.0 

0.9 

6.9403 

-0.1 

8.9402 

+0. 1142 

u.ap.aM.!.... 

—0.5437 
—0.5437 

J. 
F. 

—0.5436  '—6.1 

F. 

7.7633 
6.4774 

-0.5437 

'City  •cone  at  in- 
tenMtionWash- 
iaxton  and  Car- 
nOton  arentiea. 

T.B.IL3 

+0.2798 

J. 

B 

W 

Mean.. 

-^L8 

L2 

—0.4647 

J. 

—0.4611  f— L8 

F. 

7.9670 
7.6305 

7.6758 

—0.4629 

*Citj  atone.  "Half- 

+1.5096 

J. 

vajHonae.'* 
'l^foot  mark  of 

—0. 3475 

F. 

^oge  at  West 
taCN.O. 
*aiL  "Height  of 
HetairieSidge." 

-0.1 
0.0 

—2.0 

-0.2 
+0.2 

0.0 

+0.0359 
+0.0358 

F. 

Mean.. 

E 

W 

Mean.. 

B 

W 

Mean.. 

•■•■ ••^••* 

F. 

1.3 

6.5052 

+0.0358 

T.&1L4 

+0.0259 
+0.0298 

J. 

F. 

0.1 

7.8030 

+0.0278 

T.aiL5 

+0.7989 
+0. 7985 

R. 

F. 

+0.7987 
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Beaults  of  precise  leveling — Continued. 
GARBOLLTOK,  LA.,  TO  BILOXI,  IdlSS.— Continned. 


Bench. 


♦XT.aP.B.M.2... 


*City  stone  in  city 
park. 


U  •   8.  Pa  B*  Jft«  O   m  mm. 


T.B.M.7 


T.B.K.8 


T.B.K.9 


T.B.1L10 


T.B.M.13 


T.B.M.18 


T.B.M.14 


T.B.K.15 


T.B.K.10 


T.B.M.17 


T.B.M.18 


P 


Km. 
8.76 


&14 


&80 


9.27 


0.83 


U.88 


12.57 


13.88 


14.86 


16.20 


1&55 


g 

s 


W 


Mean 


E. 
W 


Mean 


B. 
W 


Mean. 


E. 

TV- 


Mean 


B. 


Mean. 


E. 


Mean.. 


E. 
W 


Mean 


E. 
W 


Mean 


E. 

W 


Meui 


4 


M. 
+1.8666 
+1.85S2 


+1.8654 


—1.8646 
—1.8630 


— L8538 


+0.3701 
+0. 8716 


+0.3708 


+0. 1151 
+0. 1183 


+0.1142 


—0.2090 
—0.2068 


—0.2076 


+0.2124 
+0.2166 


+0. 2140 


—0.7277 
—0.7264 


—0.7270 


+0. 4251 
+0.4288  — L8 


+0.4270 


V. 


Jt£fn. 
-0.2 
+0.2 


40.8 
—0.8 


+0.7 
—0.8 


—0.9 
+0.9 


+1.4 
-1.3 


+1.6 
—1.6 


+0.7 
-0.6 


+1.9 


+0.0094  —1.2 
+0.0009  )+1.3 


+0. 0082 


E +0.18M  1—0.8 

W ;  +0.1867  +0.9 


Mean...  +0.1876 


E I  —0.5257  1+0.4 

W 1  —0.5249  !— 0.4 


Mean..  —0.5253 


19.29 


20.26 


20.90 


E. 
W 


Mean 


—0.0533 
—0.0530 


—0. 0532 


+0.1 
-0.2 


+0.9 


E I  +0.5513     . 

W ,  +0.6580  —0.8 

Mean..'  +0.5522 


E —0.3580  1+0.4 


W 
Mean 


—0.8573  —0.3 


).3576 


r. 


Jlfm. 
0.1 


0.6 


0.5 


0.6 


0.9 


1.1 


0.4 


1.2 


0.8 


0.6 


R. 


0.8 


0.1 


0.6 


0.2 


Mm. 
2.0 


2.1 


§ 


M. 

9.1598 


7.8055 


7,6747 


-0.1 


7.7889 


7.5813 


7.7958 


7.0683 


7.4953 


7.5035 


7.0911 


7.1658 


7.1126 


7.6648 


7.8072 


I 


8 


Mm. 
0.0 


jr. 

9.1508 


7.6746 


I 
I 


P. 


E. 
P. 


P. 


P. 


R. 
P. 


P. 


B. 
P. 


R. 
P. 


R. 
P. 


R. 
P. 


R. 
P. 


R. 
P. 


R. 
P. 


R. 
P. 
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Results  of  precise  ZereKii^-T-Continued. 
CARROLLTON,  LA.,  TO  BILOXI,  MlSS.-^ontlnned. 


Bench. 


T.B.1L19 


T.B.lLaOaad2(ki 


T.&1L21 


T.B.lL23and22a 


X.K1L23 


T.&lLMMid24a 


T.EUSSaadSSa 


T.&1L26 


T.1HL27 


T.&]I.2»and29a. 


T.B.lL80fiiid80a. 


t^&lLSlandaia. 


•C.&P.B.M.4.,. 


8 
I 


Km. 

21.79 


22.78 


23.73 


2S.04 


26w76 


2&20 


29.92 


8L61 


83.08 


86.42 


o 


E. 
W 


Mean 


B 
W 


Mean 


Mean 


E. 
W 


Mean 


E. 
W 


E. 
W 
E. 
W 


Mean 


E. 


Mean 


E. 
W 


Mean 


Mean 


W 


87.25 


87.82 


8&10 


Mean 


S. 

W 


Mean 


E. 

W 
E. 
W 


Mean 


E. 
W 
W 
E. 


Mean 


Mean.. 


M. 
+0.1854 
+0. 1861 


+0.1858 


—0.2902 
—0.2993 


—4).  2902 


+0. 0510 
+0.0523 


+0. 0516 


+0.3924 
+0.3938 


+0.8931 


+0.0898 
+0.0872 


+0. 0885 


V. 


Jim. 
+0.4 
-4).  3 


0.0 
+  0.1 


+0.6 
1—0.7 


+0.7 
M).7 


—1.3 
+L8 


1—3.0 


—0.0978 
— 0.1050  ;+4, 2 
— 0. 1009  1+0. 1 
—0.0997  —1.1 


—0. 1008 


-  0.2830   +1.0 
-0. 2810  —1. 0 


—0.2820 


+0.3119  ,+1.9 
+0.3158  —2.0 


rO.  3138 


—0.2046  —1.5 


—0.2076 


—0.2061 

+0.0807 
+0.0912 
+0.0804  +-3.7 


+1.5 


+3.4 
—7.1 


+0.0841 


+0.5914  —0.4 


+0.6005 


+0. 5910 


+0.5 


—0.7 


+0.2347 
+0.2336  1+0.4 
+0.2»33  +0.7 
+0.2342  —0.2 


+0.2340 


r. 


JSftn, 
0.2 


0.0 


0.4 


0.6 


0.9 


1.0 


0.7 


1.3 


1.0 


2.4 


0.3 


0.2 


+0.4191  —3.4  i    1.8 

+0.4173  — L6  i 

+0.4101  1+5.6 

+0.4164  —0.7  ' 


+0.4167 


R. 


Jfiii. 


4.8 


a 
o 


7.4930 


7.1938 


7.2454 


7.6885 


7.7270 


7.6262 


7.3442 


7.6580 


7.4519 


7.5860 


a  1270 


a  8610 


a  5427 


§ 


Mm. 


0.0 


I 


I 


a  5127 


I 


J. 


J. 
P. 


J. 


J. 
F. 


J. 
F. 


J. 
F. 
J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 
F. 


J. 
F. 


J 
F. 
J. 
F. 


J. 
F. 
J. 
J. 
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Beaulta  of  predae  leveling — Continued. 
CARROLLTON,  LA.,  TO  BILOXI,  MISS.— Continued. 


Bench. 

Distance. 

d 

Difference  of  ele- 
vation. 

V. 

r. 

R. 

1 

1 

Corrected  eleva- 
tion. 

1 

T.B.M.32and32a. 

Km. 
39.67 

41.24 

42.32 
44.62 
46.81 
49.51 
5L6S 
5Z70 

58.62 

56.57 
56.92 
57.68 

58.62 

B 

W 

Mean.. 

E 

W 

E 

Mean . . 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

B 

W 

Mean.. 

E 

W 

E 

Mean.. 

B 

W 

W 

Mean.. 

E 

W 

Mean.. 

W 

W 

Mean.. 

E 

W 

E 

W 

Mean.. 

E 

W 

Mean.. 

—0.7311   —1.7 
—0.7345   -*.!  7 

JTfii. 
LI 

Mm, 

Jf. 

7.6282 

Mm. 

Jr. 

J. 

F. 



LI 

7.7242 

( 

-0.7328 

T.B.M324 

+0.0944 
+  0.0994 
+0. 0942 

+  1.6 
—14 
+1.8 

J. 

F. 



J. 

0.5 

7.9554 

+0.0060 

T.B.M.83and33a. 

+0.2304 

j.0.fl 

J. 

+0.2319  1—0.7 

F. 

L6 

7.4206 

+0. 2312 

—2.4 
+2.4 

—LI 
+L2 

+0.5 
—0.6 

--L4 
+1.8 

T.B.M34and34a. 

— 0.^324 
—0.6372 

J. 

F. 

0.8 

&8658 

—0.5348 

T.B.M3f 

+0.8403 
+0.8440 

J. 

F. 

0.4 

8.1688 

+0.8452 

T.B.M.36 

—0.0975 
-0.0904 

J. 

. 

F. 

7.2710 

—0.0970 

1 

T.  B.  M  37  and  37a. 

—0.8964 
—0.8991 

0.9 

R. 

F. 

j 

7.2837 

—0.8978 

+L0 
— L3 

0.5 

T.B.M.37i 

+0.0117 
+0.0140 

R 

F. 

+0.0123 

+0.4 



J. 

7.^5 

+0.0127 

+0.7 
—2.2 

+1.4 

T.B.M.S8and88a. 

—0.0449 
—0.0420 
—0.0456 

0.7 

R. 

F. 

F. 

r  *•  » 

2.0 

8.7050 

—0.0442 

+8.0 
-8.0 

T.  KM.  39  and  89a. 

■+1.4625 
+1.4685 

J. 

• 

F. 

0.4 

5.7 

6.9510 

-ai 

6.9609 

+1.4655 

+6.5 
—0.6 

_0.S 

♦U.aP.B.M.5... 

— L7545 
—1.7534 

F. 
F. 

0.4 

a7865 

—1.7540 

T.B.M40and40a. 

+0.0320 

J. 

+0.0301  :+L4 
+0.0311   •fO.4 
+0.0327  ' — 1-2 

F. 

.. 

...... 



J. 

1 

F. 

0.2 

" " . "  ~ " 

• 
7.8257 

+-0.0315 

T.  KM.  41  and  41a. 

— L1105 

_o.a 

R. 

—1.1111  -^o.a 

1 

F. 

— L1108 
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Sennits  of  precise  leveling — Continued. 
CAKBOLLTON,  LA..  TO  BILOXI,  MISS.-€onUnaed. 


Bench. 

i 

1 

Km, 
60.84 

62.48 

63.60 

64.96 

Direction. 

i 

M. 

>-0.0042 

V. 

Mm. 

0.0 

r. 

R. 

§ 
1 

.2 
» 

M. 

7.5316 


1' 

8 

1 

H 

e 
O 

M. 

o 

T.RH.42aDd42a. 

E 

W 

Mean.. 

E 

W 

Mean.. 

B 

W 

E 

W 

Mean.. 

E 

W 

Mean.. 

0.0    

Mm. 

R. 

—0.0943    -i-0.1 

F. 

—0.8 

1 

-<-0.0942 

T.B.1L43 

+0.2603 

0.2 

!       7.8005 

J 

+  0.2686   -4-0.4 

t 

F 

+0.2600 

■ 

I**"* 

• 
8.0899 

T.Rir.44 

+  0.2820 
-H).2914 
+0. 2930 
+0. 2910 

-f7,4 
—2.0 
-3.6 
—1.6 

—0.4 
+0.4 

+2.1 
-8.2 
+1.1 

+1.0 
—1.1 

L7 


J 

i.  '  ' 

F 



J. 

1 

••••••••••1»*»««« 

F 

1 

1 

1 

0.3  \ 

* 

+0.2894 

T.&)L45and45<L 

—0.2867 
—0.2876 

7.8028 


J 

F. 

—0.2871 

1 
j 

1 

T.RM.46 , 

68.18     E 

■  W 

[e 

Mean.. 

67.3»  '  E 

:  W 

1 

1    Mean . . 

67.91     E 

w 

W 

'    Mean.. 

1 

+0.1890 
+0. 1943 
+  0.1900 

1.1      

7.9039 

J. 

F 

1 

1 

R. 

1       '      ' 
1 

• 

-fO.  1911 

T.ail.47 

+  0.3090 
+0.3111 

0.7  1 

&3039 

J. 

F 

0.0 

1 

1 

+0  3100 

1 
0.2    

7.6661 

T.&1L48 

—0.6378 

J. 

—0.6382  ,+0.4 
—0.0373    —0.5 

Y 

•  >•   >•«!•••*•« 

y 

—0.2 

1 
i 

0. 2  '    6. 1 

1 

9.6649 

0.0 

0.6640 

—0.6378 

•C.a.P.BwM.6. .- 

67.97 

4-1.  ^090 

F 

68.96 



a    •   •  0.-^  •  ■  «   «  • 

+1.8990  '—6.2 
+  1.8083  1-1-0.5 

F 

J 

Mean.. 
E 

0.0 

1 
0.0    

8.1681 

•f  1.  b988 

7.  BL  If.  49  and  40a. 

+0.5020 

J. 

1  w 

1 

1    M«an.. 

60.86  1  E 

,  W 

+0.5019   4-0.1 

' 

F. 

+  0.6020 

—0.1 

1 

0.0  1 

7.9688 

1 

T.IIM.50 

—0.1791 

.... 

J. 

—0. 1792  '    0. 0 

F. 

Mean.. 

+0.2 
—0.1 

+0.4 

1 

1 

I 

1 

0.1  ;    6.1 

7.6029 

-0.1 

7.6028 

-0.1792 

r.S.P.RM.7.. 

70.41  ;  E 

E.. 

1    Mean.. 

71.49     E 

W 

t    Mean.. 

72.28     E 

W 

Mean.. 

—0.3862 
—0.3859 

R. 
E. 

1 
j 

0.3    

a  1508 

—0.3860 

TBLlLSlaadSlii. 

-fO.170O 

J. 

+0.1708   —0.4 

Y 

—0.5 

0.3  ' 

1 

7.7176 

+0. 1704 

T.&1LS2 

—0.4413 

J. 

—0.4428   -4-0.5 

F. 

1 
t 

1 

\ 

-^.4418 

H.  Ex.  37- 


■5 


I 


^6 
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liesuJts  of  precise  levtlittg — Continued. 
CAKKOLLTON.  LA.,  TO  BILOXI.  MlSS.—Continued. 


■ 

Beach. 

8 

a 

flB 

5 

Km. 

T.B.M.53 

73.87 

T.B.M.54 

74.79 

O 


9* 


la 


V. 


r. 


R. 


M,       I  ifm. 


E    I  +0.4800 

W 4-0.4709 


Mean  . .    +0. 4764 


E 
W 


—0.3155 
—0. 3153 


—1.6 

+  1.6 


+0.1 
—0,1 


Mean..!  —0.3154 


T.B.M.56and55a.     76.40 


E 
W 


—0.  31)96  1—0.  6 


— 0. 


3096 
3107 


+0.5 


Mm. 
1.0 


Mm. 


e 


M. 
8.1950 


i 


o 

04 


Jfm. 


0.1 


7.8805 


0.4 


7.6703 


Mean  . . !  — 0. 8102 


T.  B.  M.  56 


78.36 


E +0.3038  —0.1 

W I  +0.3036    fO.  1 


T.B.M.57 ' 

1 

79.53 

1 
1 

1 

•U.8.P.B.M.8... 

79.10 

T.B.M.58and58a. 

80.87 

Moan  .J  +0.3037 

E I  +0.326r— 1. 1 

W +-0.3232   +1.1 


0.1 


7.8740 


0.7 


8.1083 


Mean..    +0.3243 


E +1.420i 


6.2 


E. 
W 


+0.27.'i2    fO.2 
+  0.2750  —0.2 


0.1 


9. 2944       0. 0 
8.4737 


T.  B.  M.  59 


T.  B.  M.  60 


T.  B.  M.  61  and  Ola. 


*U.S,P.B.M.9. 


T.  B.  M.  62 


T.B.M.63 


81.90 


Mean..    +0.2754 


E '  +1.2051  1—0.2 


W +1.2047 


Mean..,  +1.2049 


+0.2 


88.17  1  E '  —0.6781 

W I  —0.6723 

E —0.6734 

,w.... 

i    Mean 


+-3.6 

—2.2 

—1.1 

—0.6741  ;— 0.4 


84.  C8 


W 
E. 
W 


I 


—0.6745  j 

~+2r327r,— 0. 1 
+2. 3065       (1) 
+2.3267  1+0.7 
+2.3280  —0.6 


Mean..    +2.3274 


% 


o 


M. 


0.1    9.6786 

...a. 

t 1 

t 

1 
0.9  ' '      9.0041 

1 

1 

1 5-.. 

1          . 

■ 

:::::j  *:**:" 

1                          ■ 

0.3    ;    11.3316 

1 

1 

1    1  . 

'    ! 

i 

1             1             1 

( 

86.80     E 1—0.2700  1-1.0;    0.6,    a4       11.0603  1+0.1,    11.0606 


W —0.2719   +0.9 

Mean..,  —0.2710 


I 


85.43 


E   ,  +0.2808  t— 0.2 

W I  4-0.2804  1+0.2 


0.1    11.6121 


J. 
F. 


J. 

F. 


J. 
F. 


R. 
F. 


F. 


9.2944  I      J. 


R. 
F. 


Moan..    +4).  2800 


86.45 


E -4^0.1237   +0.1 

W +0.1240    -0.2 


Mean..    4  0.1238 


T.B.M.64 '    88.28 


K +0.  8683    +3. 3 

W +0.8744   —2.8 

E 4  0.8721    —0.5 


0.1 

1    11.7359 

..•...., 

1 

1.2 

1 

1 

'    12.6075 

......  .......... 

Mean..    +41.8716 


J. 
F. 


J. 

r. 
J. 

F. 


J. 
F. 
J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 
J. 


t  Rejected. 
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Be8ult9  ofpredse  leveling— Continued. 
CARROLLTOK,  LA.,  TO  BILOXI,  HISS.-Con tinned. 


Bench. 


« 
a 


T.RM.65 


Km. 
90.15 


T.&1L68  andOea     91.66 


'r.S.P.RM.10..'    91.91 


•r.S.P.BwM.11..     9L68 


r.&P,B.M.12    ..'    93.41 


T.RlL6»and60o'    97.66 


T.B.H.70aDd70a.   100.23 


T.RM.71 ,  102.18 


o 

2 


V. 


r. 


R-  .2 


E 1  -f0.9075 

W +0.9120 

W :  +0.9100 


Mean..!  +0.9098 


E 1  —1.4738 


W 


—1.4762 


Mm. 
4-2.3 
—22 
—0.2 


—1.2 
4-1.2 


Mm.  '  Mm. 
0.9  I 


Mean..   — 1.47S0 


£ ;  +1.4717  ;— 0.9 

W I  +1.4700  j+0.8 

Mean.J  +1.4708 


E +0.8193  1+0.5 

E I  +0.8202  —0.4 

Mean 


+0.8198 


E. 
£. 
W 
W 


—2  7030  —0.2 
—27016  —1.6 
—2  7053  ,+21 
—2  7028  '—0.4 


M^an-.l  —2  7032 


E I  —0.0470 

W '  —0.0488 

I'      ~ 
Mean 


—0.9 
+0.9 


— 0.M79 


B I  +0.2941 

W I  +0.2994 

B !  -1-0.3040 

E   !  +0.3064 

W I  -f0.30O4  —4.3 

Mean..;  +0.3021 


48.0 
-1-2  7 
-1.9 
1.3 


E 1  +25050  +24 

W ,  -1-2.5095  —21 

W +25078  —0.4 

Mean..,  +2  5074 


T.&P.RK.13-.    100.27 


T.R1I.72 103.54 


T.aM.73uid73a.    105.13 


T.RM.74and74a.   106.53 

I 


•r.S.P.RM.14..    ioe.65 


B. 
TV- 


Mean 
E 


Mean . 


-1-0.1430   —0.4 
+0.1422    +0.4 


+0. 1426 


—0.0177 


+  0.7 


—0.0163  —0.7 


—0.0170  I 

I 

,  +2  6072  +0.2 
W I  +2  6077  1—0.3 

Mean..    +2.0074  ! 


£ +1.^24  ,  +  1.0 

W +1.4545  I— 1.1 


Mean..    +1.4534 


K — «.a790   -0.4 

K '  -0.3799    +0.5 


Mean..   — 0.37ft« 


M. 

18.5173 


0.8 


g 


o 


-3 


I 
I 


Mm. 


M. 


12.0423 


0.6 



■ 
&6 



13.5181    +0.2  i     13.5133 
1 

0.3 

6.6 

128621 

+0.2 

I 

12  8623  I 

0.5 

9.8391 

0.0 

9.3391 

1 

,    0.6 

•  ■  •  •  • 

9.2912 

1 

.... 

1 

1.6 

9.6083 

i 
1 

1 

•           ^ 

1 

......|. ......... 

0.9 

121007 

1 

J 

■ 

1 

1 
0.3 

6.8 

9.7859 

0.0 

9.7359 

1 
0.5 

12  0837 

0.2 

. 

14.6911 

1 
1 
0.7    '    16.1445 

f*"   ' 

'  '»...   >......  .......... 

1 
! 

0.3       7.0  1     15.7651  1  +  0.3 

1                                      • 

15. 7654 

1 
1 

1 

1 

u 


O 


J. 
F. 
F. 


J. 
F. 


R. 
R. 


J. 
F. 


J. 
J. 
F. 
F. 


J. 
F. 


R. 
F. 
J. 
J. 
F. 


J. 
F. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 
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Besults  of  precise  leveling — Contioued. 
CARROLLTON,  LA.,  TO  BILOXI,  MISS.— Contlnaed. 


B«nch. 


JL>  B<  IdL.  75  ........ 


T.B.M.76and76a. 


T.B.M.77 


T.B.M.78and78a 


*U.  a  P.  B.  M.  15 . . 


Xa  B.  Jf*  79  ...... 


T.RM.80aud80a. 


T.aK.81 


T.RM.82 


• 

8 

o 

e 

a 

1- 

■»• 

w4 

Q 

p 

Km. 

lO&ll 

E 

W 

« 

Mean 

109.69 

E 

W .... 

Mean 

111.  05 


E. 
W 


V. 


R. 


Mm.   3[m.  '  Mni. 
-J- 1.4       1.0 
—1.5 


Mean 


—0.7 
+0.0000  1+0.8 


—0.7292  ,—0.5 
—0.7302   +0.5 


0.5 


0.3 


-C.  7297 


112.15 


E !  -0.5689 

W —0.5648 


+2.1 
—2.0 


1.4 


112.25 


Mean..    —0.5668 


E +0.5097   +1.5 

W I  +0.5128  —1.6 


1.0 


33 


If. 
14.7951 


6 
O 

0) 


o 


itfim. 


14.8560 


14.1262 


> 

9 

o 

i 


if. 


13.5594 


7.2       14.0706   +0.2 


14. 0708 


Mean  ...  -t-  0. 5112 


113.28 


114.55 


11&16 


117. 76 


E 

W 

—0.0952 
—0. 0948 

Mean.. 

—0.0950 

B 

+0.  5190 

w 


+0.2 
—0.2 


f2.4 


Mean 


B 
W 


Mean.. 


JL  .   Dm  JA  .  OV    .  •  .  .  .  a  •  I 


T.B.M.84and84a. 


*IT.S.P.B.M.18.. 


Iia08 


120.31 


E. 
W 


Mean. 


E. 
W 


Mean .. 


E 
W 


120.58 


Mean 


E. 


+0.5238  1—2.4 


0.1 


1.6 


+0. 5214 


—0.1494   +1.6 
—0.1463   —1.5 


—0. 1478 


—0.4223  —0.1 


—0. 4224 


—0.  4224 


0.0 


—0.7872   +0.2 
—0.7869  1-0.1 


1.0 


0.0 


0.1 


-0.  7870 


+0.3032  —0.4 
+0.3023  ;  +  0.3 


13.4644 


13.0858 


i    18.8380 


0.2 


+0.  3028 


—0.1892  .4-0.4 
— O,  18S3  '—0.  5 


T.B.M.85 !  121.95 


T.B.  M.H6aud86a. 


Mean 


E. 
W 


-0. 1888 

+0.4903  i— 0. 9 
f  0.4884    +1.0 


0.3 


13.4156 


12.6?86 


7.4 


12.9314 


12. 7426 


+0.2  ,    12.7428 


0.6 


Mean..;  +0.4894 


123. 76 


E I  -+0.1588  1  +  1.7 

W I  +0.1622   —1.7 


1.1 


13. 4206 


Mean..    +0.1605 


13. 5813 


9 

t 

9 

o 


J. 
r. 


J. 


J. 
V. 


J. 
P. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 

F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 
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Beeults  of  precise  lereling — Coo  tinned. 
CAKROLLTON,  LA.,  TO  BILOXl,  MISS.— Continued. 


Bench. 


• 


T.B.M.87 


Km. 
12&42 


T.ai£.88 1«.«1 


T.B.l£.80and8Oa.,  127.09 


'U.S.P.B.  11.17..;  12a  02 


a 

o 


U 


E. 


Mean 


E. 


Mean 


E. 
W 


M. 

+0.  5081 
4-a5087 


+0.5084 


V. 


Mm. 
+0.3 
-0.3 


—0.4868  1+0.8 
—0.4851   —0.0 


—0.4860 


+0.6224  1+0.6 
+0.6287  —0.7 


Mean 


E. 


+ a  6230 


—0. 0846  '—0. 1 
—0.0848  '+0.1 


T.B.M.90and00a. 


T.B.M.91 


T.&K.«2and02a. 


Mean..!  —0.0847  [ 


129.77 


E. 
W 


+0.2000  '  +  2.5 
+0.2058  —2.4 


Mean..    +0.2034 


130.81 


E. 
W 


'  +0.6100  —1.4 
+0.6162    +1.4 


I    Mean.. I  +0.6176 


132.07 


E. 
W 


—1.6360    -fl.0 
—1.5340  —1.0 


Mean 


i  —1.5350 

;  ■    » 


T.&M.93aDd93a.l  133.22 


t 


E. 


+0.6670    +0.8 
+0.6687    -0.0 


Mean..    +0.6678  | 


T.BL1L94 


134.60 


E. 
W 


—0.7531   +1.5 
—0.7501   —1.5 


1 
T.aK.95andO&i.l  136.17 


•ir.8LP.B.M.l8 


136.61 


Mean 


£ 
W 


-0. 7510 


—1. 0825 
—1. 0814 


Mean 


+0.5 
—0.6 


1. 0820 


E. 


TB.V.06 j  137.43 


r.s.p.RK.ao...i  ua94 


+1.4731    +0.4 
+1.4730  —0-4 


Mean..    +1.4735 


E. 
W 


—1,4071  ,—0.0 
—1.4080  ;+0.0 


CaP.B.M.19..j  130.00 


Mean 


-1.4080  ' 

—1.6168   +0.4 
-1.6161    -0.3 


Mean..!  -1.6164 


E. 


—0.3447  1+0.2 
—0.3443  1—0.2 


Mean..    —0.3445 
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BeaultB  of  precise  leveling — Continued. 
CARBOLLTON,  LA.,  TO  BILOXI,  MISS.— Continued. 


Bench. 


TT.S.P.B.M.21... 


8-foot  mark.of  tide- 
gauge  at  Biloxi. 


I 

Km. 
140. 02 


140.05 


53 


E. 
W 
E. 
W 


Mean 


E. 
W 


Mean 


So 
on 


3£.         2itn» 

1.8027   +1.4 

■1.8010  1—0.3 

■1.7993  —2.0 

-1.8022    -1-0.0 


r. 


R. 


Mm. 

0.5 


-1. 8013 


+0.2386 
+0.2394 


+0.2390 


+0.4 
—0.4 


0.3 


Jfm. 
8.0 


8.0 


I 
I 


6. 7112 


a 

o 


o 


6.9502  —0.1 


Mm. 
—0.1 


1 


a 

o 

:9 


o 


Jf. 
6. 7111 


6.9501 


S 


« 
O 


J. 
F. 
R. 
F. 


F. 
F. 


GRAFTON,  ILL.,  TO  CAIRO,  ILL. 


• 

U.  S.  p.  B.  M.  1 . .  - . 

1                   1 
1 

134.5098 

+0.8 

134. 5101 

T.B.M.4 -r- 

0.05 
0.43 

0.55 

N 

8 

Mean  .. 

8 

N 

8 

N 

N 

8 

N 

8 

Mean.. 

8 

N 

Mean.. 

0.8814  -1-0.2 

0.1 

133.6286 

F. 

-0. 8811 

-0.1 

. ••..•.••• 

F. 

1.3 

.......... 

133.  TfCU 

-0. 8812 

T  B.M.S     ..  ...- 

+0. 1305 
+0. 1418 
+0.1335 
+0. 1335 
-hO.  1471 
+0. 1249 
-H).1407 
-1-0.1264 

F. 

' 

F. 

F. 

(River    OTOsaing, 
IlUnoia  River.) 

f: 

-4.0 

+1.4 
-2.3 
-f4.8 

-1.3 
+1.2 

.... 



P. 
P. 

, 

P. 

P. 

0.8 

1.5 

136. 3642 

+0. 1348 

Tr.8.P.B.M.2.... 

4-2. 6021 
+2.5996 

+0.3  ;  136.8645 

F. 
F. 

0 

J 

(-2. 6008 

135. 3311 

*H.  M.  mark,  July 

9.1880. 
U.S.P.B.M.3.... 

2.68 

3.58 
4.28 

8 

N 

N 

Mean.. 

8 

N 

Mean . . 

8 

N 

8 

Mean . 

- 

1-2.9416 
-2. 9512 
-2.9484 

+5.5 
-4.1 
—1.3 

1.9 

2.4 

139. 3113 

-hO.3 

139. 3116 

P. 
P. 

1.... 

P. 

0.0 

+2. 9471 

T.B.M.2 

—4.  7659 
-4. 7659 

0.0 
0.0 

+3.4 
-2.0 
"1.3 

134.fvliU. 

P. 

".'/.'.:::.:::: 

P. 

1.1 

2. 7     142. 0716 

1 

+0.3 
****** 

-4. 7059 

1 

ir.8.P.B.M,4.... 

_ 

yj.  5228 
-7.  5282 
h7. 6275 

142. 0719 

P. 
P. 



1 

P. 

~ 

' 

\-7.  5262 

*219^foot  mark  of 

137. 6846 

gangeatGrafton. 
MackenKie  B.  M.. 

4.43 
5.25 

8 

N 

Mean.. 

N 

8 

N 

8 

Mean.. 

-2.6422 
—2. 6417 

+0.2 
—0.3 

+9.1 
—0.5 
-f8.2 
—  17.5 

0.2 

139. 4286 

P, 

P. 

4.2 

—2.6420 

■1  -  K-  M-  o  -______-_ 

—5.5997 
—5.5901 
—5.5988 
—5.  5731 

I  133.8392 

P. 

P. 
P. 
F. 

.....•'.......»•. 

i                   1 

—5.6904 

1 
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Re8ult8,of  precise  leveling — Coutiuiitid. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.— Continued. 


2 

1 

1 

Bench. 

t 

• 

1 

V. 

a 

» 

«  « 

J 

© 

« 

ft^ 

IQ 

•P4 

s 

Q 

P 

1 

1 

JTlTI'. 

Jf. 

.  J/tw. 

U.S.P.B.M.5--.. 

10.68 

S 

•      •  *  •  • 

+7. 5875 

14-3.5 

N 

-f  7.  5944 

-3.4 

Mean..'  4-7.5910 


T.RM.14 t    13.37 


T.RU.15 


S —9.6157  '—3.3 


N I  —9.6222 


43.2 


Mean  . .    —9. 6190 


14.38 


T.B.M.16 1    15.39 


ir.&P.B.M.6....l    15.83 


T.BlM.18 !    ia02 


N I  +0.1379   40.7 

S    ,  4-0.1393   -0.7 

Mean..!  4-0.1380  ' 


S    -4i.U5B  44.0 

N —0.8355    -5.8 

N I  -0.8431   -H.8 


Mean..    > 0.8413 


S. 

N". 


Mean 


-f  3.  9343   -fO.8 
4-3.9259   —0.8 


4-3.9251 


T.B.M.20 


19.13 


S. 
N. 


-L1456   -1.2 
-  L1480   4-1,2 


Mean 


N. 
S  . 

N. 


-1.1468 


-2.4954  1-4.8 
-2.  .5059  4-5.7 
—2.4994  —0.8 


Mean  . .  I  —2. 5002 


T.RM.21 19.78 


T.B.M.23 '    2LI3 


T.EM.2S '    22.29 


S    !  -1-0.2852  1-2.0 

N 40.2813  '4-1.9 

1 1      ■  ■■  —  —    ■  I 

Mean..l  4-0.2832  | 


X —1.6478   -L8 

S t  -1.6510  I4-L6 


Mean . 


-1.6494 


.1 


S 45.4806    -1.0 

N 1  -f5  4797  1-0.1 

S 1  4-5.4786  -fl.O 


Mean..!  -f 5. 4796 


r.S.P.B.M-7 


T.B.M.27 


S '  4-8.2185  1-0.7 

N. 1  4-8.2172  4-0.8 

I 

Mean.. I  4-8.2178  | 


23.77 


R. 
N 

N. 


7250  4-2.9 
'  -4.7109  — ^5.2 
I  —4.7243   4-2.2 


Mean 


k722l 


TJ5.1L28 


34.93 


S 1  —0.6382    -1.2 

N -0.6407    41.3 


Mean  . . ;  —0.  6394 


r.8.P.RM:8.. 


27.  7C 


N I  -f-6.8074    4-0.6 

S '  4-6.8086  —0.6 

Mean..    -{-6.8OS0 


r. 

1 
1 

R.            § 

1        % 

1      5 

§ 

I 

8 

Mm. 
40.3 

Corrected  eleva- 
tion. 

Observer. 

Mm. 
2.3 

Mm. 
5.5 

M. 

141. 4302 

M. 

141. 4305 

p. 

1 

1    2.2 

■  •  • 

131. 8112 

P. 

P. 

1 

1  _ 

i    0.5 

13L  9498 

p. 

1 

"  •  •  ■  • 

r. 

1 

2.0 

131. 1085 

*  *  •  •  • 

F. 

p. 

I......  ...... 

1 

F. 

1 

0.5 
1 

6.3 

135. 0336 

40.3 

135.0339 

F. 
P. 

1 

t 

1 

1 
0.8 

133. 8868 

F. 

1 

P. 

1 
1 
2.1 

i.qi  .^8fl6 

. 

P. 

1 

""V"" 

F. 

, 1 

F. 

1 
L3 

.  1  . 

131. 6698 

F. 

1 

P. 

1 

f 

1    LI 

130. 0204 

p. 

F. 

1 
1 

1 

i    0.4 



135. 5000 

F. 

1         V.  -w 

p. 

1 



F. 

t 

0.4 

6.9 

143.  7178 

-fO.3 

143. 7181 

p. 
P. 

1 

..-; 

1 
130.7779    

/ 

F. 
P. 

F. 

1 

1 

0.8 ' 

1 

130. 1385 

F. 
p. 

1 

0.4 

1 

7.1 

136. 9465 

40.3 

136. 9468 

P. 
F. 

..... 

.......... 
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Bench. 


*209-foot  mark  of 
gaufie  at  Alton. 
jL.  S.  Jd.  31  ........ 


TJ.S.P.B.M.9.. 


T.B.M.83 


X.  x>.  2A,»  84  ....... 


T.B.M.85 


T.B.M.88 


U.S.P.B.M.10.. 


T.B.M.42 


T.B.M.44 


*U.S.  P.B.M.11 


T,  B.  M.  45 .  ■  • . . . . 


X.  B.  m.  46  .....< 


T.  B.  M.  47  (river 
crossing,  Mis- 
sissippi Kiver). 


Besults  of  precise  leveling — Continued. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.— Continued. 

6 


9 
s  P 


v. 


M. 


+1. 7356 
+  L7331 


+1.7343 


29.24 


80.08 


30.09 


32.80 


84.36 


85.05 


8&40 


40.18 


+15. 7809 
+15. 7790 


Mean. 


S. 
N. 
S. 


—16.3592  —4.3 
-16.3677  +4.2 
-16.3635!    0.0 


Mean 


—16.3635 


S. 

N. 
S. 


Mean 


S. 

N. 


Mean 


S. 

N. 


Mean 


S. 


Mean 


+15.7800 


Mm. 


-L2 
+L2 


-0.9 
+1.0 


Mm, 
0.8 


-5. 2816 
-6.2846 
-  5. 2820 


-5.2827 


-0. 1278 
—0.1235 

-0.1256 


+2.7052 
+2.7066 


+2.7059 


+0.6508 
+0.6502 


+0.6506 


S 

s 


—3.2442 
—3.2388 


Mean...  —3.2415 


S. 


Mean 

S 

N 


—0. 1474 
-0. 1429 


—0. 1452 


+2.2 
—2.1 


+0.7 
-0.7 


-0.3 
+0.3 


41.06 


41.51 


-0. 4275   —0. 3 
-0.4281    +0.3 


Mean..  I  —0.4278 


8. 

N. 

N. 


-0.2674  ;-3.2 

1  —0.2722  1+1.6 

-0.2721   +1.5 


Mean 


-0.2706 


S —2.3550  ;  +  Ll 

N ;  -2.35>8  —1.1 


Mean..,  —2.3530 


42.00 


S. 

N. 
N. 
S. 


-0.  0445 
-0. 0162 
—0.  0126  '  -1.  0 
—0.0449    +0.9 


Mean.  I  -0.0290 


R. 


Mm. 


0.6 


1.7 


-LI  i    0.6 

+L9 

—0.7 


L4 


0.5 


7.2 


o 


I 

> 


M. 
134. 9318 

13a  6808 


o 


Mm. 


'9  a 

is 


o 


M. 


154.4608  1+0.4 


13&  097ft 


132. 8146 


132. 6890 


0.2  I    7.6 


I 
+2.7  ;    L8 
-2.7    


+2. 2  :    L  5 
-2.3    


185.8949 


136.0454 


132. 8039 


0.2 


8.0 


132.6587 


+0.3 


154. 4612 


136.0457 


132.2300 


LI 


0.7 


.1  132.3881 


+0.3 


132. 2312 


130. 0342 


0.6 


130. 0046 


I 


b 

Of 

t 

« 

c 

O 


F. 

r. 


F. 
P. 


F. 
F. 
F. 


F. 
P. 
F. 


F. 
P. 


P. 


P. 
F. 


F. 
F. 


F, 
F. 


F, 
F. 


F. 
F. 
P. 


P. 
P. 


F. 
F. 
P. 
P. 
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Results  of  precise  leveling — Continued. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.-<3ontintted. 


B«aeh. 


i 
I 


c 


T.  B  M.  £3 


X.&M.58 


Km. 

4fiw76 


Jf. 


V. 


r. 


R. 


I 


Ifm.    Jfm.    Jfm. 


S H-1.8580  i+0.6  :     0.4 


S 


+1.8593  1-0.7    ..i. 


Mean..    +1.8586  i 


48.60 


r.ap.aM.i2 


T.  R  M.  61 


T.&U.62 


T.B.M.6S 


I.BuM.67 


8 ,  +8.0673     -2.9 

S +8.0614    +3.0 

Mean 


+8.0044 


48.41 


S '  +5.7337  1-0.5 

S +5.7326   +0.6 


Moan..    +5.7332  i 


51.03 


S ,  -5.6617  ,-LO 

S I  -5.6887    +1.0 


Mean ..; 


5.6627 


54.50 


5&22 


S -5.1755   +L5 

8 '  -&1726  1—1.4 


Mean .. 


-5. 1740 


8 —2.3581  ;+5.3 

N —2.8508  :-2.0 

8 —2.3404   -3.4 


Mean..!  -2.3528 


X.RM.O0 


57.29 


S +3.9197  1—1.5 

8 1  +3.9168    +1.4 


Mean..    +3.9182 


I.&M.70 !     58.30 


S —2.4299   -1.3 

8 —2.4330  I+L8 

K -2.4307  1-0  5 

Mean 


r.ScP.B.M.13. 


68.91 


8. 

N. 
8. 


Mean 


T.aiLTl 69.62 


8. 

N. 


Mean 


T.RM,75 1     62.62 

I 


T.R1L76 1     63.60 


T.B.M-77 1     64.56 


S. 


Mean 


S. 

N. 


Mean 


8. 


Mean.. 


—2.4312 


+0.6815  +0.2 
+0.6834  1  +  1.3 
+0.6861  ;-L4 


+0.6847 


+0.1868  ;  +  0.6 
+0.1880    -0.6 


+  0. 1874  I 


+  3.0056    +1.0 
+3.6076    -1.0  . 


+3.6066 


—5.5370  ,-2.0  ; 
—6.5409  ,+L9  - 


—5.5390 


2.0 


0 
O 


13L  8682 


139.9276 


0.4  ;    8.4  I  145.6608+0.3 


I 


0.6 


139.9981 


51.85     8 +3.0020-0.6       0.4 

8 -f3.0007    +0.7 

Mean..    +3.0014 


142.9995 


a 
o 
33 


8 


Xm, 


4b 

-3 


Jf. 


145. 6611 


-0.7366  ;-0.6  !    0.4 
-0.7379    +0.7 

-0. 737^5 


1.0 

...... 

137.8255 



1 

1.8  , 

• 

135. 4727 

• 

1' 

' 

1.0  

139.3909 

0.6  

136.9597 

t 

1 

1 

1     1 

1 

0.5   8.7  137.6444 

1           • 

+0.3 

137.6447 

0.4  137.8318 

i : 

; 

0.7  141.4384 

1 .. 

0.4 



140. 7012 



' 

1.3  ' 

136.1622 
.......... 



1 
1 

■  •••••1--.--.^'. 

1 

1 

t 

o 


p. 

F. 


F. 
P. 


P. 
F. 


P. 
F. 


P. 
F. 


P. 

F. 


P. 

8. 
F. 


F. 
P. 


F. 
P. 

8. 


F. 
8. 
8. 


F. 
8. 


S. 
F. 


F. 
8. 


F. 
8. 
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liesults  of  precise  leveling — Coutiiiued. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.— Continue*!. 


Bench. 


*ir.  S.  P.  B,  M.  14 


*B.  M.  on  high- 
service  chiran  Ay, 
Saint  Louis  wa- 
ter-works. 

*B.    M.    on   low- , 
service  chimney, 
Saint  Louis  wa- 
|er-works. 

*B.  M.  on  cotton- 
wood  tree.  Saint 
Louis  water- 
works. 

*80-foot  mark  of 
water-eause  at 
Saint  LouTs  wa- 
ter-works. 

T.  B.  la .  81  ........ 


T.B.M.83...4 


I 

Q 

Km. 


a 
o 


o  . 
as 


if  .  .. 

s... 


Mean 


S. 


Mean 


N. 
S. 


Mean 


T>  B.  Ji>  86  . . 


T.B.M.87 


*U.8.P.B.M.15 


City  Directrix, 
Saint  Louis,  Mo. 


*80-flDot  mark  of 
water-sauge  at 
Saint  Louis,  Mo. 

T.B.M.89 


T.B.M.  »2. 


S. 


V. 


R. 


if.         Mm. 

+0.9570  1+0.6 
+0.9581  1—0.5 


Mm.    Mm. 


a 

o 

1 


M. 


g 


9 


II 


O 


Mm. 


0. 4  I    &  8  I  136. 1198   +0. 3  i  136. 1201 


+  0.9576 


-L2800   —0.1 
—1.2802    +0.1 


0.1    '  134.8397 


■L2801 


+0.4872    -2.6 
+0.4820  .+2.6 


1.7    1  135.3243 


+0.4846 


—2. 2877 
-2.2890 


-0.7 
+0.0 


Mean..'  -2.2884 


0.4  ... 

...!  133.0359 

1   .  . 

1 

1 

I 


06.52 


07.84 


N. 
S  . 


L 2622   +0.7  I    0.5    |12a7744 


-4.2608   -0.7 


Mean..   -4.2615 


S I  +3.0183   -0.0 

N -1^3.0166   +0.8 

Mean..;  +3.0174 


I    0.6  I '  138.1796 


S 
S 


+4.8850   +2.2 
+4.8805   -2.3 


1.5 


68.68 


69.82 


Mean..;  +4.8828 


S +8.0560    +3.3 

N '  -»8.0615   -2.2 


S ;  +8.0605 


Mean..    +&0593 


-1.2 


S -18.9394    +1.0 

N -18.9375    -0.9 
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Results  of  precise  leveling — OoDtinned. 
GRA.FTON,  ILL.,  TO  CAIRO,  ILL.— Continued. 
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Results  of  precise  leveling — Continued. 
GBAFTON.  ILL.,  TO  CAIRO,  ILL— Continnod. 
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Besults  of  precise  leveling — Continued. 
GBAFTOX,  ILL.,  TO  CAIKO,  ILL.— Continued. 
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Ke^ults  of  precise  leveling — CoDtiniied. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.— Continued. 
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BesuUs  of  precuie  leveling — Coutiinied. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.— Continaed. 
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Results  of  precise  leveling — Continueil. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.-€oxitinned. 
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Be»ult8  of  precise  leveling — Continued. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.— Continued. 
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Besults  of  preoise  leveling — Coatiaued. 
GRAFTOK,  ILL.,  TO  CAIRO,  ILL.— Continued. 


Bench. 
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BesulU  of  precise  leveling — Coutinnecl. 
GRAFTON,  ILL.,  TO  CAIKO,  ILL.— Continued. 
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Results  of  precise  leveling — Coutinae<l. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.— Continued. 
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Besttltn  of  precise  leveling — Continued. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.-^ontlnued. 
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Results  of  precise  levelittff — Continued. 
6KAFT0N,  ILL.,  TO  CAIRO,  ILL. -Continued, 
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-2.9130 


T.B.M,271 


248.26 


U.S.P.B.M.48...   252.06 


T.RM.274 i  252.94 


T.B.M.275 


T.B.M.276 


253.90 


u.ar.aM.4o 


T.B.M.278 


855.06 


256.90 


258.13 


Mean.. 

—2,9127 

N 

N 

+2.0844 
+2.0857 

—3.2 
+2.9, 
+0.3! 


+  0.6 
-0.7 


L2 


0.4 


Mean. 
Mean. 


+2.0850 


+1.3694  '  —3.4 
+L  8626  I  +3. 4 


2.3  !  19.3 


111.0030 


10&5806 


108.6656 


110. 0316 


+0.1!  111.0031 


+0.1   110.0317 


N. 


Mean. 


+1.3660 

—3.4783 
—3.4821 


—3.4802 


—1.9 
+1.9; 


1.3 


—0.5678 

N i  —0.5628 

N I  -0.5627 


I 
+3.4 
—1.6 
—1.7.. 


LI 


106.5514 


105.9870 


I 


Mean..    —0.5644 


N '  +2.8794  I  —0.8 


N I  +2.8778 

Mean. 


0.5 


+2.8786 


T.B.M.283 


T.B.M.286 


261.63 


262.30 


N 

N 

+  1.8358 
+1.3349 

Mean.. 

+  1.8354 

S 

N 

—3.7123 
—3.7134 

Mean. 

—3.7128 

S    

N 

+5.8008 
+&8054 

Mean.. 

+  .'>.8031 

8 

N 

N 

— 0.i>784 
—0.0728 
-0.0771 

Mean.. 

—0.0761 

+  0.8 


—0.4 
+0. 5 


106.8656 


0.   8   19.4     110.2010  1+0.1  i  110.2011 


—0.5,    0.4  ' 106.4882 


+0. 6. 


I 


+2.3] 
— 2.3| 

I 

+2.3 
—3.3; 
+L0. 


L5 


112.  2913 


LI  , 


i  112.21.^2 


g 


s 


F. 
F. 


F. 
F. 


F, 
F. 
P. 


P. 
P. 


F. 
P. 
F. 


F. 
P. 


F. 
P. 


F. 
P. 


F. 
P. 
P. 


F. 
P. 


F 
P. 


F. 
F. 


F. 
P. 


F. 
P. 
P. 
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Results  of  precise  leveling — Continued. 
GKAFTON,  ILL.,  TO  CAIKO,  ILL.— Continued.    ' 


Bench. 


r.&P.B.K.50 


T.RM.287 


Km. 
264.06 


286.17 


M. 

S '  — 1.9882 

N 1  —1.9901 


Mean..   —1.0896 


S I  —3.0334 

K —3.0386 

N 1  —3.0419 


r.    i    K. 


Mm.  I  Mm.  ,  Mm. 
—0.4  ,  0.3  '  19.5 
+0.5 


T.B.1L283 1  266.54 


T.aM.291 


T.B.1L293 


S. 


!    Mean 


268.49 


S. 

N. 


Mean 


270.00  ' 


T.RM.2&5 


U.S.P.&M.51. 


T.aM.298 


T.B.M.300 


LEMaOl 


T.ILM.30^ 


S. 


270.16 


270.79 


271.64 


T.  KM.  303 


272.68 


278.30 


274.06 


274.79 


Mean 


S 

N 
8. 


Mean 


S. 


Mean 


S. 


Mean 


3. 


Mean 


S. 


Mean 


F.&P.B.M.S2 


275.49 


T.BLM305 276.46 


Mean 


S. 


Mean 


S. 


Mean 


S. 


Mean 


Mean.. I  —3.0380 


—0.2684 
—0.2632  1-2.6 


—4.6 
+0.6 
+3.9 


+2.6 


—0.2658 


—1.8695  >-5.9 
—1.8814  1+6.0 


-1.8754 


—0.7046  -3.4 
—0.7108  1+2.9 
—0.7084  1+0.5 


—0.7079 

=£ r.      m 


+0.7342  -0.2 
+0.7349  '—0.9 
+0.7329  1+1.1 


+  a  7340 


+4.0609  +0.7 
+4.0624  1-0.8 


+4.0616 


^ 


+2.6249   -0.5 
+2.6240    +0.4 


+2.6244 


+1.7980 
+  1.7981 


+1.7980 


— L8182 
— L  8184 


— L  8183 


—1. 4306 
—1.4829 


—1. 4318 


—0.2885 
-^.2930 
—0.2963 


—0.2926 


+0..'»587 
+0.5623 


0.0 
-0.1 


-0.1 
+0.1 


-1.2 
+1.1 


-4.1 
+0.4 
+3.7 


+1.8 
-1.8 


+0.5605 


1.7 


1.7 


§ 

> 


M. 

110. 2256 


107. 1876 


g 

.mm 

o 
o 


Mm. 
+0.1 


4.0 


1.2 


0.4 


0. 5  I  20. 1 


0.3 


0.0 


0.1 


0.8 


L5 


1.2 


-2.6277  1+2.8, 
—2.6221  1-2.8  1 

—2.6249  i  ! 


1.9 


106. 9218 


105. 0464 


I 


II 


e 


M. 
110. 2257 


104.3886 


105. 0726 


109. 1341 


111.7685 


118.5566 


IIL  7382 


0.0 


20.2 


I; 


110. 8064 


110. 0138 


110.5743 


107. 0494 


+0.1 


109. 1341 


110. 5744 


> 

s 

JO 

o 


F. 
P. 


F. 
F. 
P. 


F. 
F. 


P. 
P. 


F. 
F. 
F. 


F. 

F. 
F. 


F. 
F. 


F. 

F. 


F. 
F. 


F. 
F. 


F. 

F. 


F. 
F. 
F. 


F. 
F. 


F. 
F. 
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BeauUa  of  precise  leveling — Continued. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.— Continued. 


Bench. 

Distance. 

Direction. 

Difference  of  ele- 
vation.         1 

V. 

Mm. 
4-0.5 

1 

r. 

1 

R. 

Elevation. 

§ 

-.3 

o 

g 

8 

Mm. 

11 

r 

M. 

• 

u 
o 

1 

s 

T.  B.  M.  308 

Km. 
27a04     S 

4-0.8635 

i        !" 

1  Mm,.  1  Mm. 

0.3  I....... 

1......  ...... 

If. 
108. 8134 

F. 

279. 11 

N 

Mean.. 
S 

+0.8644    —0.4 

F. 

-4-3.6 

1 

100.0221 

+0.8640 

1 

1 

T.B.M.309 

+0.2051 

1    1.3 

F. 

'  N 

N  

-^  0.2117    -3.0 
+0.2094    -0.7 

F. 

>.»••>■ 

1 

F. 

Mean.. 

1 

110. 3192 

+0.  2087 

1 
0.0  , 

T.  KM.  311 

270.80     N 

1  S 

+  L2971 

0.0 

F. 

+1.2971  t    0.0 

1 

F. 

Mean. 

1 

+1.6 

1 

i     1.1' 

1 

lOa  7160 

+1.  2971 

T.B.M314 

281.89  i  S 

!  N 

t 

i    Mean . . 

—  1.6048 

F. 

— L  6016 

-1.7 

F. 

108.7640 

0.0 
...... 

108. 7640 

• 

—1. 6032 

-8.5 
+3.5 

U.S.P.B.M.53... 

285.34 

|N 

S 

Mean.. 

+0. 0515 
+0.0445 

2.3 

20.5 

F. 

F. 

;  111.3153 
110. 5031 

...... 



.... 
1 

+  0,0480 

-0.2 
+0.2 

1 
0.1    

i 

1 

1    0.4" 

; 1 

T.B.M.318 

285.61     S    

N 

1 

+2.  5515 
+2. 5511 

F. 
F. 

Mean . . 

+2. 5513 

-0.5 
+0  6 

T.B.M.820 

• 

286.88  •  S 

1  N 

—0.  7217 
—0.  7228 

F. 
'F. 

* 

1 

•"""*• 

287.74 
288.51 

Mean.. 

S 

N 

S 

Mean . . 

8 

N 

N- 

—0.7222 

110. 6042 

T.B.M.821 

+0.0083 

4-2.  R 

LO    

F. 

+0.0128  ;-L7 
_i.O  0123    —  •  *> 



.......... 

F. 

j 

F. 

+3.7 
— 1  »i 

1 
1.2 

20.5 

HI.  7494 

+0.1 
...... 

111.7495 

+0.0111 

TJ.S.P.B.M.54... 

+L  1415 
+  1.1464 

F 
F. 

+L1477    —2-5 

F. 

112. 0149 

,___-. . 

Mean .. 

+L1452  1 

•H-W.  mark  July, 
1844. 

+0.2650  , 
+0.2660  1 

F. 

289.41 
2S9.71 

Mean.. 

S 

N 

Mean.. 

S 

"N" 



F 

•*  • 

+0.2 
-0.2 

-o.i 

+0.2 

4-0  ft 



0.1 


20.5 

114. 7729  ' 

+0.1 

.......... 

114. 7730 

+0.  2655 

ir.S.P.B.M.65... 

+3.  0233 
+3,0237 

F. 
F. 

1 
107.1247  1 

0.0 

107. 1247 

U.S.P.B.M.5e.-- 

+3.0235 

—7.6481 
—7.6484 

0.1 

20.5 

F. 
F. 

•  " 1 

t 

0.4    

1 
1 

1 

109.1711 

291.22 
292.92 

Mean.. 

8 

^ 

Mean . . 

N 

S 

Mean.. 

—7.6482 

T.B.M.324     .  .. 

+2.0458  ' 

F. 

+2.0471   —0-7 

F. 

4.0.  A 

0.4     

i 
108.6608  : 

1 

1 

1 

+  2.0464 

T.  B  M  326 

—0. 5109 

F. 

0.5097  0.  A 

F. 

■ 

-0.5103  . 
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Results  of  precise  leveling — Continued. 
GRAFTOX,  ILL.,  TO  CAIRO,  ILL.— Continued. 


Bench. 


T.B.  11.328 


8 
I 

S 

Ktn. 
294.14 


U.S.P.B.M.57 


297.49 


T.&lL331i ,  297.88 


9 


r  I         ST 


.2 

Cm 

s| 


r. 


'       Jf .       I  Ifm.  ;  Mm. 

N I  —0.4683  1-0.8  I    0.5 

S    I  —0.4699   -fO.8 


Mean  . .  I  —0. 4691 


S +2.7111    +2.7  , 

N !  +2.7166   —2.8  ' 


Mean..    +2.7138 


N I  —8.6692    +0.1 

S i  —8.6690  —0.1 


Mean  . .    — 8. 6691 


*6footBiArkof  up-  : 
per  fcauee  at  [ 
Ony'aPointMo.: 


T.B.M.332 ,  299.05 


Mean . . 


S  . 
S. 


—1. 8066 
— L8031 


— L8048 


—1.7321  1-5.0 
—1.7417  +4.6 
—1.7376  1+0.5 


Mean..  I  —1.7371 


r.S.B.  M.74  (Old   299.37 
B.M.) 


S +2.0451    +0.4 

...      +2.0459  ,—0.4 


N 

Mean 


•H-W.mark,  Julj... 
im,  at  Gray'a 
Point,  Mo.  I 


T.&M.334 t  300.53 


+2. 0455 

4-8. 7797 
+a7788 


T.BM.335 !  30L66 


Mean..    +^7702 


Mean 


H-5.2298    +0.6 


-f  5. 2304 


S +0.1470   —0.6 

N 1  +0.1458  1+0.6 


Mean..'  +0.1464 


T.B.M.338 


r.aP.B.M.58. 


T.EM.  340 


T.RM.342 


304.16 


806.24 


306.18 


307.32 


S :  +1.7995 

N I  +1.8029 


+  1.7 
-1.7 


Mean..   +1-8012 


S I  +0.9547  —0.3 

K I  +0.9542    +0.2 


Mean . . 


S. 


+0.9544 


—2. 4.^23   H-1. 1 
—2.4301   —1.1 


Mean..;  —2.4312 


N ,  —0.3806  —LI 

S —0.3850   +3.3 

N —0.3795  —2.2 


Mean..!  —0.3817 


T.  B.M.  M3 '  308.10 


S I  -3.4697    -0.2 

X '  -3.4601    +0.2 


Mean 


-3. 4599 


R. 


Afm. 


L8 


0.1 


20.6 


L9 


d 

o 

> 


M. 

108. 1017 


a 

I 

o 
o 

o 


Min. 


110.9055  1+0.1 


49 

"3 


II 

4) 


M. 


110. 9056 


102.2364 


100. 4316 


100  4993 


0.3     20.7 


8 +5.2311  1—0.7       0.4 


0.4 


LI 


0. 2     20. 8 


0.7 


LI 


0.1 


102. 6448  ,    0. 0  !  102.  5448 


111.3246 


107. 7752 


107. 0216 


109. 7228 


110.6772 


108. 2460 


+0. 1     110. 6773 


107.  8643 


104.4044 


O 


F. 
F. 


F. 
F. 


F. 
F. 


F. 
F. 


F. 
F. 
F. 


F. 
F. 


F. 
F. 


F. 
F. 


F. 
F. 


F. 
F. 


F. 

F. 


F. 
F. 


F. 
F. 
F. 


F. 
P. 
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Me9^ulis  of  precise  leveling — Continued. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.— Continued. 


Bench. 


T.  B.  M.  845 


♦U.S.P.B.M.69 


g      ' 

a 

es 

« 

,_ I 

I 

Km.    I 
309.06  '  N. 

!  S. 


a 
.2 

t 


Mean .. 

N ....... 

S 

8 


*U.  S.  P.  B.  M.  60 


•X7.S.P.B.M.61.. 


*H.  W.  mark,  1858, 

Commeroe,  Mo. 

T.B.M.349 


T.B.M.850 


Mean 


N. 
S. 


I    Mean 

J  S , 

iN , 

Mean 


309.15 


309.54 


T.B.M.351 


T.  B.  M.  353 


T.B.M.355 


♦U.8.P.B.M.62.. 


*U.8.P.RM.68.. 


T.  B.  M.  357 


T  B.M.359 


309.66 


810.06 


310. 14 


N. 


Mean 


8. 

N. 
8. 


Mean 


8. 
N. 
8. 
N. 
8. 


Mean 


8. 

N. 
8. 


Mean 


8. 

N. 


Mean 

8 

N 


Mean 

8 

N 


Mean 


313.07  I  8. 

I  N. 


9 

a® 


V. 


R. 


If. 

-1.0015  1+0.7 
—1.0002  i— 0.6 


Mm,  '  Mm. 
0.4 


a 
o 

•G 

es 
► 


% 
^ 


8 


04a 


Mm,. 


M. 
103. 4036 


o 


Mm. 


-1.0008 


+  15.8483 
+15.3515 
+15.3512 


+15. 3503 


+2.0 
—1.2 
—0.9 


0. 7     20. 8  ,  118. 7539 


+0.1 


M. 


118.7540 


— &  2528  —2. 0       1. 3  i  20. 9  '  110.  .5081  ;+0. 1 


Mean 


314.34 


8. 

N. 
8. 


Mean 


2488  1+2.0 


+8.2508 


110. 5082 


+a  1278   —0. 3 
+■6. 1272   +0.3 


0. 2  1  20. 9     116. 6306  i+0. 1 


+6.1275 


—0.7183 
—0.7180 


—0.7182 


+1.5212 
+1.5178 
+L5243 


+1.6211 


—0.4190 
—0.4163 
—0.4159 
—0. 4157 
—0.4163 


I 


107. 1321 


Tf0.1 

—0.2 


-0.1 
+3.3 
—3.2 


+2.4  , 
—0.3  i 
—0.7  I 

— 0,9  ; 

—0.3  I 


0.1  1 102.6854 


1.3 


0.0 


—0.4166 

-0.7842 
-0. 7888 
—0.7883 

—0, 7871 

» 

+5.3542 
+5. 3552 

+5.3547 

—3.7507 
—3.7487 

—3. 7497 

+4.1882 
+4.1896 

+4.1889 

—1.4364 
—1.4353 

—1.4358 

—0. 9348 
—0.9400 
—0.9339 

-0.9362 

1 

—2.9 
+-1.7 
+1.2 


+0.5 
—0.5 


+L0 
—1.0 


+0.7  ' 
—0.7  I 


116.6307 


104.2065 


I 


I 


103. 7899 


LO 


0.3 


0.7 


0.5 


rO.6 
—0.5 


—1.4 
+3.8 
—2.3 


0.4 


103.0028 


108. 3575 


20.9 


20.0 


1.8 


104. 6078 


108.7967 


106.9217 


106.9655 


0.0 


0.0 


104. 6078 


108.7967 


o 


F. 

F. 


F. 
F. 
F. 


F. 
F. 


F. 
F. 


F. 
F. 


F. 
F. 
F. 


F. 
F. 
F. 
F. 
F. 


F. 

F. 
F. 


F. 
F. 


F. 
F. 


F. 
F. 


F, 
F. 


F. 
F, 
F. 
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ResulU  of  precise  7ere?iM^— Continued. 
GRAFTON,  ILL.,  TO  CAIRO.  ILL.— Continued. 


Bench. 


T.B.M.3eO 


Km, 
315.72 


T.B.M.36S 317.38 


•U.  S.  P.  Bw  K.  64 


V.    I    r.     •    R. 


Jf.  I  Mm. 
+ 1.8221  ^0.7 
+  1.6207  ,4-0.7 


Mean.. I  -1-116214 


S —1.7910   +2.0 

N — L7871  —1.9 


Mm.  I  Mm. 
0.6 


es 


M. 
107.6069 


o 
I 


Ifm. 


Mean..  I  —1.7890 


S -fL7154    +8.3 

K I  +1.72-26   +1.1 

S 1  +1.7284  i— 4.7 

N.     .   .   I  +L7283  '-4.6 


Mean..    +L7237 


> 


SI 


c 


Jf. 


T.B.H.a68 


320.88 


S. 

N. 


—0.  9097   —0. 1 
,  —0.9099  1+0.1 


M^n 


—0.9098 


T.BwM.371 !  323  11 


T.B.M.372 ,  324.18 


8 +2.1265  1—2.5 

N '  +2.1215  1+2.5 


Mean..    -2.1240 


S    +0.2616 

N i  +0.2576 

S ,  +0.2556 


-3.3 
+0.7 
+2.7 


Mean  ..>  +0.2583 


T.BwM.37S.  ... 


326.37 


8    —0.7727  1+1.1 

N  —0.7706  —1.0 


Mean..   —0.7710 


T.B.M.3T7 !  328.21  1 


S I  -2.1944   +3.3 

N >  —2.1864  1—4.7 

N '  —2.1926  [  +  1.5 


i 


T.B.Itf.379  — 


.. 


T.BM.3ao 


329.45 


Mean 

8 

N 


Mean .. 


331.68 


S. 

N. 


Mean 


♦U.&P.B.M.65 


T.B.M.382 !  885.10 


S 

N. 


Mean 


T.&M.394 


337.00 


8 

N. 


Mean . . 

8 

N  

8 1. 


Mean 


—2. 19U 


+0.2664 
+0.2638 


-{-0.2651 


— 1. 1677 


.1.1659  —0.9 


-1.1668 


+0.0340 
-0. 0341 


+0.0345 


+0.3677 

+0. 3736  1—3.  0 


+  0.3706 


—1.3907 
— L3837 
—1. 3918 

— L3887 


—1.3 
+1.3 


+0.9 


—0.4 
+0.4 


+2.9 


+2.0 
-5.0 
+3.1 


i. 

I 


F. 
F. 


F. 
F. 


P. 
P. 
B. 
B. 


P. 
P. 


P. 
F. 


P. 
F. 

F. 


P. 
F. 


F. 
F. 
F. 


P. 
P. 


F. 
P. 


P. 
P. 


F. 
P. 


P. 
P. 

8n. 


92 


REPORT   OF   THE    MISSISSIPPI   RIVER   COMMISSION. 


Results  of  precise  leveling — Contincied. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.— Continued. 


Bench. 


T.  B.  M.  385 


o 

a 


Km. 
33S.13 


a 
o 


a; 
O     . 

o  o 


a 
o 


R. 


o 
s 


"S 

« 


S. 
N. 


Mean 


T.B.M.387 •  339.48 


T.  B.  NLm  38o  . . . . ; 


Mean 


340.51 


S. 

N. 


*T.B.M.38»J ;  340.  »7 


♦TJ.S.P.  RM.66..    341.46 


Mean 

S 

N 


T.  B.  M.  889 


T.  B.  M.  391 


Mean 


N. 
S. 


Mean 


M.  I  Mm. 
-hO.  6551  -hi.  1 
4  0.057*2   —LO 


-fO.6562 


Mm.. 
0.7 


Mm 


M.         Mm. 
103.0641    


e 


Jf. 


—0.2534+2.4,    L6    ,102.8131 


— 0.24«6 


—0.2510 


— L2929  +3.8 
— 1.2«49  —4.2 
—1.2896   -fO.5 


-2.4 


•L2891 


H-L0554  1+0.7 
+- 1.0568  1—0.7 


+L  0561 


—1.1030    +0.6 
—1.1019  —0.5 


— 1. 1024 


34L94 


343.01 


8 —0.0876    +2.8 

N —0.0822   —2.6 

N —0.0845  ;— 0.3 

Mean 


—0. 0848 


S 

N, 
S. 


I 


—0.7814  —8.4 
—0.7952  +5.4 
—0. 7928   +3.  0 


B.M.55(oldB.M.) 


U.  S.  P.  B.  M.  2, 
Cairo,  lU. 


U.  S.  P.  B.  M.  1, 
Cairo,  m. 


U.  S.  p.  B.  M.  3, 
Cairo,  111. 


45-foot    mark     ot 
water  _saage, 
Cairo,  IIL 


344.64 


vWV.  OO 


Mean  . . ;  —0.  7898 


S. 


+1, 2974 
+1.29S0 


Mean..!  4-1.2962 


346.28 


345.66 


S :  +-1.4601 

S 1  -I-L4681 

I    '    

Mean..    +1.4591 


S 
8 


Mean 


8. 

N. 


Mean 


I 


S. 

N. 


—0.4015 
—0. 4078 


—1.2 
+1.2 


-LO 
+1.0 


—2.7 
+2.6 


—0. 4042 


+2.8234  i+0.7 
+2.8248   —0.7 


+2.8241 


Mean 


—3.4546   +0.4 
-3.4538  —0.4 

—3.4542  I 


1.6 

101. 5240 

1 

0.5 

102. 5801 

0.4 

2L5 

101. 4777 

0.0 

101. 4777 

1.1 

101.4392 

2.9 

100  fUOi 

1 



0.8 

10L9456 

0.7 

2L7 

103. 4047 

0.0 

103.4047 

1 
1 

Le  1  21.8 

103.0005 

0.0 

108.0005 

0.5 

21.8 

105. 8246 

0.0 

10&8246 

0.3 

102. 3704 

O 


P. 
P. 


F. 
F. 


F. 
F. 
F. 


F. 
Sn. 


Sn. 
Sn. 


F. 
P. 
F. 


B. 
P. 
B. 


B. 
P. 


B. 
B. 


B. 
B. 


F. 
F. 


F. 
F. 
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Results  of  precise  leveling — Continued. 
KEOKUK.  IOWA,  TO  GKAFTOX.  ILL. 


Beoch. 


a 


a 
o 


«i    St 

r 


IT.8uP.B.M.l.... 

*  Zero  U.S.  Engi- 
neer's gsMgfi  on 
canal,  Reokok. 
Iowa. 


Km. 


M. 


3/m. 


S  . 


'' Canal' B.M.  of 
Captain    Stick- 
ney. 


*  P.  B.lI.58of  Cap- 
tain Mackenzie. 


Mean 


1.7631  —4.2 
1.7715  +4.2 
1. 9131       (t) 


». 

) 
R. 

Jfm. 

Mm. 

2.8 

«  •  *  .   ■  • 

o 


o 

♦a 


O 

o 
Pi 


M.  '  3f  m. 
I5«u5368  +0.2 
15L7685  , 


r673 


S  . 
S  . 

N. 
N. 


—0.0108  —1.8 

—0.0103  —2.3 

-0.0180  +6.3 

—0.0105  -2.1 


1.4      1.4  I  156.5242 


t 


■go 

I 

o 


M. 

156.  5370 


Mean  . . '  — 0. 0126 


0.31 


S  . 
S. 

N. 
N. 


+  1.5121  —4.9 

+  1.5039  +3.3 

+  L5016  +5.6 

+  1.5113  —4.1 


1.  8      L  8 


158.  0440 


Mean..,  +L5072 


U.&P.RM-2....1    0.45 


I': 

N.. 
N.. 


+0.2179  —3.3 
+0.2166  —2.0 
+0.2066  +8.0 
+  0.2174   —2.8 


1. 8      L  8  1  156. 7514    +0. 2  '  156. 7516 


Mean..,  +0.2146 


'  Zero  of  U.  S.  Sig- 
nal Service 
gauge. 

1T.&P.RM.3.... 


0.69 


S 


-5.3178    +9.5 
-5.2988   —9.5 


151. 4431 


Mean.. I  — 5.i(083 


8 

N. 
S. 


+4.6390  —1.0 
+4.6368  +L2 
+4.6382  —0.2 


0. 4      L  8 


161.3894    +0.2 


T.RM.1 


Mean.-i  +4.6380 


2.05 


S. 

s. 


Mean., 


1.2591  +0.6 
t.2647  —3.8 
1.2616    +3.1 


1.4 


157. 1309 


161.3896 


T.RILZ ,    3.87 


S. 
K. 
S  . 


L2585 


—0.5248  1+4.3 
—0.5192  1—1.3 
—0.5176   -2.9 


L5 


r.ap.B.M.4 


T.aM.4 


r.ap.B.M.5 


-p.  B.M.53of  Cap- 
tain Mackenzie. 


Mean  . .   —0. 5205 


5.35 


S  . 

N. 
N. 


Mean  . 


7.59 


».19 


S  . 


Mean 


+1.8158 

+1.8117 

•+L8135 


—2.1 
+2.0 
+0.2 


0. 8      2. 9 


+L8137 


—2.7100  1—0.2 
—2.7103    +0.1 


0.1 


S. 


—2. 7102 


+2.2941    +0.5 
+2.2952   -0.6 


156.6104  . 


158.4241    +0.2 


155.  7139 


0. 4      2. 9 


Mean 


+2.2946  I 


S. 


Mean.. 


—0.3669       0.0 
—0.3669  !    0.0 


—0.3669 


0.0      2.9 


158.0065 


158.4243 


+0.2 


157. 6416 


158. 0087 


t  Injected. 


^ 


.0 
O 


J. 
F. 

F. 


J. 

J. 
F. 
F. 


J. 
J. 

F. 
F. 


J. 
J. 
F. 
F. 


J. 
F. 


J. 
F. 
J. 


J. 
F. 
J. 


J. 
F. 
J. 


J. 
F. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 
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Beaults  of  precise  leveling — Continued. 
KEOKUK,  IOWA,  TO  GRAFTON.  ILL.-Oontinned. 


Bench. 


o 

I 


T.  S.  M.  6 


T.  B.  M.  8 


T.B.M9 


T.B.M.10 


P.  B.M.  54  of  Cap- 
tain Mackensie. 


•H.W.Apr.,  1881, 
at  Gregory  Ldg. 
*U.S.  P.B.M.6... 


T.  B.  !fll«  XI  ...  I 


T.B.M.12.. 


T.B.M.13 


tJ.  S.  P.  B.  M.  7 .  - . . 


Km. 
10.37 


13.74 


15.68 


16.77 


18.45 


19.80 
19.57 


T.B.M.15 


T.  B.  M.  16 


T.B.M17 


21.70 


24.19 


26.50 


26.13 


30.94 


32.21 


33.86 


♦H.  W.  1844,  li 
miles  above 
Canton,  Mo. 

*H.  W.  1851,  li 
miles  above 
Canton.  Ma 


Direction. 

Difference  of  ele- 
vation. 

V. 

r.         R. 

1 

• 

1 

Rod  correction. 

Corrected  eleva- 
tion. 

Obeerver. 

S 

N 

Mean. 

S 

N 

Mean.. 

S 

N 

Mean.. 

S 

N 

Mean .. 

S    

N 

Jf.        i/m. 

—2.7041   —0.1 
—2.7042       ft  n 

Mm.  !  Mm.        M. 
0.0 155.3043 

Mm. 

M. 

J. 

p. 

i 

U.9  li 

1 

j 

1,7  ' 1  1!».!U75 

-  2. 7042 

+0.0407 

J. 

+0.0457  — 2  .'4 

...    '.•••». 

-^  —  •'  ^ 

F. 

• 
2.0       3.9 

155. 2180 

+0.0432 

-3.0 
+3.0 

+  0.4 
—0.3 

i 

— L3 
+1.4 

—0.1266 
—0.1325 

J. 

F. 

•->••« 

—0.1295 

» 

—0.3650 
—0.3643 

0.2  \ 154.8534 

J. 

F. 

•■"•*"*i 

1 

0.  9  ;    4. 0     153. 9854 

-0.3646 

-0.8667 
—0.8694 

J. 

F. 

<    Mean . . 

—0  8680 

N.. 

+1.1620 

]55wl474 

F. 

S 

N 

Mean .. 

—0.2 
+0.2 

_9  A 

0.1 

+0.2 

154.7690 

+0.7836 
+0. 7832 

4.  0     154. 7688 

F. 
F. 

1.7 

l.'U.AMa.'t 

-r  0.7834 

1  s 

+  0.  1007 

J. 

N 

Mean.. 

S 

•N 

+0.0055    -L.9^« 

1 

F. 

-LI    0 

1 

+0. 0981 

1.3 

153.5243 

—0. 5578 

J. 

0.5611   10 

F. 

o-n  9. 

0.1 

153.5717 

Mean .. 

1 

—0.5592 

8 

+0. 0472 

J. 

N 

+  0.0476  0-9 

p. 

1 

+1.6 
—1.6 

-L9  n 

1.1 

+0.2 

157. 2849 

'    Mean . . 

1 

+  0.0474 

4.7 

157. 2347 

S 

.  K 

+3. 6614 
+3.6646 

+3.6630 

J. 
F. 

1  "" 

Mean .. 

t 

1.3 

***** 

1M  Rfilli 

Is.... 

0.  3452 

J. 

'  N 

—0.  3412    —9  0 

1 

F. 

.  " 

ft  fl 

0.0 

» 
,  162.9641 

Mean.. 

—0.3432 

H 

—  3.9274 

J. 

1  N 

—3. 9274       0  n 

F. 

j.n  9 

0.1 

I 
1 

;  163.8245 

1 

^ 

1    Mean.. 

—3, 9274 

'  S 

4-0.  8602 

J. 

N 

+  0.8606   >-0-S 

F. 

Mean.. 
S 

8    

+  0.8604 

153.5245 
154. 1945 

-0.3000 

J. 

•■*••* 

•* 

+0. 3700 

J. 

1 

1 
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K€9»lt8  of  predse  leveliug — Continued. 
KEOKUK,  IOWA,  TO  GRAFTON,  ILL.— Continaed. 


Bench. 

• 

S 

1 

5 

Km. 

T.&Hlie 

30.30 

•XT.aP.B.H-8... 

37.34 

•IT.S.P.RM.9... 

37.53 

T.B.1C19 38.37 


T.B.K.20 


T.KVL21 


40.67 


TJ.&P.B.M.  10... 


P.B.V.5«ofCAp- 
tain  Mackenzie. 


•TJ.&P.  RM.  11, 


42.46 


44.96 


46.88 


I 

aw.  April,  1881,  < 
at  La    Grance, 
Mo. 


•  H.  W.  1851,  0)  at 
La  Grange,  Mo. 


T.B.K.23 


i     -3 


H 

O 


S  . 

N. 
8. 

N. 


o  o 


V. 


r. 


5 


M.  Mm. 

— 4>.8Q00  +2.4 

--0.8530  —5.5 

-^.8595  +L0 

!  —0.8607  +2.2 


Mean.. I  —0.8585 


L3 


8 !  +8.8201  1-0.7 

N 1  +3.8187    +0.7 


0.6 


Mean..!  +3.8104 


8 ' —0.2009  ,+0.2  '    0.1 


N. 
Mean 


S  . 

N. 


—0.2006   —0.2 


-^.2007 


Mean 


S-. 

N. 


Mean 


8. 

N. 


Mean 


S. 


—0. 1998  ,—0. 4 
—0.2006   +0.4 


0.3 


—0.2002 


+0.3848  '  +  0.1 
+0. 3850  —0. 1 


0.1 


+0.  3849 


—0.6062    +0.7       0.5 
—0.6048  ,—0.7    


—0.6055  I 


+  1.0656  j+1.1 
+L0678  —1.1 


0.7 


Mean..!  +1.0667 


N. 
8. 


—1.4532  !+L8 
—1.4496  — L8 


Mean 


—1. 4514 


4d.  98       8 +1. 4188  —0. 2 

8 1  +L4184  i+0.2 


Mean..'  +1.4186 


Mean 


1 


47.89 


T.aM.25 


Mean 


S  . 
8. 


50.14 


Mean 


S. 
N. 
8. 
K. 


Mean. 


+0.1072  i— 0.2 
+0.1067  1+0.3 


+0. 1070 


+  1.5075 
+L4903 
+  1.5123 


+  1.5034 


—4.1 

+13.  i; 

—8.9  ' 


—0.0617  1—1.8  I 
—0.0678    +4.3 
—0.  0612  1—2. 3 
—0.0632  1—0.3 


—0.0635 


R. 


Jfm. 


5.1 


5.1 


5.0 


i 


a 
o 


a 

o 

> 


-t- : 


o 
O 


152.9660  I 


Jr. 


156.7854  1+0.3  ,  156.7856 


156.5847  ,+0.2  '  156.5810 


152. 7658 


153. 1507 


5.1 


152. 5452 


163. 6119 


+0.1 


153. 6120 


— L7030  1+0.6 
— L  7018  I-0. 6 
—1.7046    +2.2 


— L  7001 
— L  7024 


—2.3 


'             1 
0.6    ... 

1 

...    150.8046 



"'"''''.\ 

1                               '                 "'i 

j "; 

......                   ...      .......... 

1 1 

1 

t 

o 


J- 

F. 
J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 

F. 


J. 
F. 


J. 
F. 


F. 
J. 


F. 
F. 


P. 
J. 


F. 
J. 
J. 


J. 
F. 
J. 
F. 


J. 
F. 
J. 

F. 
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Hesulta  of  precise  leteling — Continued. 
KEOKUK,  IOWA,  TO  GRAFTON.  ILL.-Contlnued. 


Bench. 


T.  R  M.  26 


o 

H 

ce 


Kto. 
52.16 


o 


T.B.M.27 53.72 


T.  B.  M.  28 


X.  B.  lu..  29  ...... 


ir.S.P.B.M.12:.. 


*P.  B.  M.  57  of 
Capt.Mackenzie. 

*1*.  B.  M.  59  of 
Capt.  Mackenzie. 

T.B.M.31 


T.B.H.82 


T.  B.  2£.  33  . . 


V.  8.  P.  B.  M.  18  . 


T.B.  M.35 


U.S.P.B.M.14 


T .  B.  Ai.  37  .... . . 


T.  B.  M.  38  . . . 


56  47 


58.12 


60.57 


®  5 


M, 


r. 


S +0.8658  1-0.8 

N +0.8643    +0.7 

Mean. 


+  0.8650 


S I  +0.3691 

N +0.3897 


Mean..    +0  3694 


S I  —0.9717 

N —0.9716 


+0.3 
-0.3 


+0.1 
0.0 


Mean..    —0.9716  I 


S +0.0598   +1.0 

N i  +0.0618   -1.0 


Mm. 
0.5 


Mean..    +0.0608 


60.55 
60.57 
62.04 


If +0.9949   +5.5 

S +0.9997  j+0.7 

S I  +1.0059  1-5.5 

N '  +1.0011    -0.7 


Mean.-i  +1.0004 


63.81 


S. 


-0. 1712 


I  —0.1726 


S  . 

N. 


— L  0519 


+0.8 


-1.0503    -0.8 


Mean..   —1.0511 


S I  +0.4306 

N ;  +0.4317 


Mean..    +0.4312 


65.82 


67.18 


70.76 


71.84 


S —1.0042 

N —1.0033 


Mean..    —1.0038 


+0.6 
-0.5 


+0.4 
-0.5 


8 ■  +1.8197 

N +1.8195 


Mean..:  +1.8196 


-0.1 

+0.1 


I 


s 

N. 


—2.3169  i— 0.4 
-2.3177  j+0.4 


Mean..    —2.8173 


•I 


S +1.2115 

N +1.2060 


Mean.. 


74.12  ;  8 


+1.2092 


—2.3 
+2.3 


I 


1.5722    +2.8 
—2.  8  i 


75.90 


N 

— L5666 

Mean.. 

—1. 5694 

8 

N 

—0. 7520 
—0.7566 

Mean . . 

—0. 7543 

—2.3 
+2.3 


R. 


§ 

> 

« 


Mm.         M: 

151.2596 


0.0 


0.5 


0.4 


0.3 


0.1 


0.3 


1.5 


1.9 


1.5 


§ 

o 


Mm. 


0.2  , 151.6290 


150.6574    . 


0.7    ,  160.7182 


1.5       5.7  ,  151.7186    +0.1 


151.  54';4 
151. 5461 
160.6676 


5.7 


151.0987 


150. 0949 


•h 


151.9145  -1-0.1 


5.9 


149. 6972 


150.8064 


149. 2370 


148.4827 


+0.1 


> 
15 


r 

o 


9i 


e 

.a 
O 


M. 


151. 7187 


151. 9146 


J. 


J. 
F. 


J. 
F. 


J. 
F. 


F. 
J. 
J. 
F. 


J. 

F. 

J. 
F. 


J. 
F. 


J. 

F. 


J. 
F. 


J. 
F. 


I 


150.8065 


J. 
F. 


J. 

F. 


J. 
F. 
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RentUB  of  proeiw  leveUm^ — Contuued. 
KBOKUK.  IOWA,  TO  GRAFTON.  ILL.— ContbuMA. 


Bench. 

1 

• 

1 

Difference  of  ele- 
vation. 

V. 

Mm. 

0.0 

-0.1 

-3.4 
+3.3 

—2.1 
+2.1 

+0.2 
-0.1 

+1.3 
—1.4 

+1.4 
— L8 

4.1.1 

r. 

R 

! 

1 

1 

.-5 

T.&1LS9 

Km. 
77.80 

70.48 

80.88 

84.18 

88.85 

9H.97 

88.80 

88.00 

88.00 

80.13 

88lU 
0a86 

00.20 

00.25 
02.51 

04.31 

8 

N 

Mean.. 

6 

N 

Mean.. 

8 

N 

Mean.. 

8 

K 

Mean.. 

8 

K 

Mean.. 

S 

N 

Mean.. 

8 

N 

Mean.. 

8 

K 

Mean.. 

m. 
+0.0004 
+0.0005 

Mm. 
0.0 

Jfm. 

M. 

148.4081 

Jfm. 

Jr. 

J. 

F. 

2.2 

148.7463 

+0.0084 

tBLlL40 

+0.2576 
+0.2500 

J. 

F. 

L4 

6.0 

148.7607 

+0.1 

148.7808 

+0.2542 

TJ.&P.B.1I.15... 

+1.0065 
+L0023 

J. 
F. 

Oil 

140.5141 

+L0044 

T.R1L44 

—0.2368 
—0.2365 

X. 

F. 

0.0 

14&f838 

—0.2306 

T.BL1L47 

—0.7815 
—0.7788 

jr. 

F. 

0.0 

7.0 

156.2648 

+0.2 

156.8651 

--a  7802 

•ir.&P.RM.16.. 

+6.5206 
+6.5328 

J. 

F. 

0.7 

■  «  ■   •  •  • 

152.7868 

+6.5310 

T.&1L48 

+4. 0618 

J. 

+4.0640  —1^1 

F. 

—0.1 
+0.2 

0.1 

7.0 
...... 

152.8004 

+4.0620 

*P.  &  IL  68  of 

+0.0037 
+0.0084 

J. 

C>ylJCa«kensie. 

F, 

148.0647 
143.1487 

143.1707 

148.3660 

•     •  •• 

• 

+0.0036 

*H.  W.  im,  ftt 

—8.8321 

F. 

Hiniib»lBrldK9. 
'Zero   of  app^ 

*Zcfooffeaaj^<m 
4r»w    pier    of 
.Httoibftl  Bridge. 

x.aM.49 :.. 

—8.6481 

F. 

—8.6261 

F. 

8 

N 

8 

Mean.. 

8 

i( 

Mean.. 

+2.1 
+3.0 
—0.0 

+2.8 
—2.0 

LO 

-4.4287 
—4.4338 
—4.4200 

J. 

F. 

J. 

LO 

148. 7236 

\ 

—4.4308 

'tt  W.,  1851.  ai 

+L3548 
+1.8005 

J. 

HttBibJ^Ko. 

F. 

14a  0244 
147.8008 

+1.3576 

•H.W.,   1881,    at 

+0.5584 

J. 

^wiihal.  Mo.     ! 

8 

N 

Mean. 

S 

If 

Moan.. 

+1.2 
—1.2 

1 

+1.0 
—2.0 

0.8 

7.1 

+0.1 

147.8000 

—0.5664 
—0.5640 

J. 
F. 

! 

1.3 
...... 

...... 

147.8712 

1 

1 

—0.6652 

T.RILW 

+0.1685 
+0.1724 

J. 

F. 

1 
1 

+0. 1704 

H.  Ex.  37- 
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BeButU  of  preeUe  leveUng—Contiaaed. 
XBOKUE;  IOWA,  TO  ORAFTOy,  ILL.-Ooa4l&iMd. 


Boioli. 


T.B.M.M 


T.B.M.I 


■ 


1I.S.P.B.M.18 


T.&M.W 


T.B.M.aO 


T.B.1C.68 


T.&lLei 


Km. 
91.  SB 


100. 7S 


109.04 


10i.0B 


106.38 


8. 

K. 


jr. 

0.5877 
0.5350 


V.        r. 


5808 


S. 


M.4 
+0.4 


8. 


Mean. 


+0.0108 
+0.0131 


+0. 0150 


8 —0.0088 

lir —a  0067 


+ao 
— ao 


0.0 


0.8 


—L8  . 
+1.0  1. 


1.2 


—1.7 
+1.7 


Mmhi..;  —0.0050 


106.41 


100.78 


•U.&P.B.ltlO. 


T.B.1L65 


T.B.1L66 


T.B.1L67 


110.66 


110  40 


B !  +0.1227      (t) 

K ;  +0.1388  r-Q.6 

8 ;  +0.1322  ,+Ll 

If. .... 


Uma. 


S. 

31. 


Mean. 


8. 
N. 

8. 
K. 
N. 


+0. 1880  pO.  6 


+0.1888 


—0.0055 


+3.8 


+0.0012  ~8.4 


—0.0022 


-0. 0031 
+0.0082 
-0.0042 
-0.0072 
-0.0020 


Mean...  -0.0027 


8. 


+4.2446 
+4.2478 


Mean. 


8. 


Mean. 


112.86 


8. 

K. 


+4.2462 


+0.4 
—5.8 
+1.5 
+4.5 
-0.7 


+1.6 
— 17 


+0.6272  1+1.0 
+0.6281  1—0.0 


+0.6282 


LI 


0.4 


2.2 


L2 


LI 


0.6 


—2.0781  1+0.1 
—2.0779   -0.1 


0.1 


•IT.  8.  P.  RM.  20 


T.B.M.68 


115.61 


Mean.  J  —2.0780 


Mm. 


8. 


Mean 


115w73  I  S 


+4. 1836  1—1. 1 
+4.1814  l+Ll 


+4.1825 


+0.3403 


K I  +0.8396 

Mean..!  +0.3400 


—0.3 
+a4 


a7 


0.2 


I 


116.38 


S 


—0.8351  ,— L4  I    0.9 
—0.8379  '+L4 


Mean..'  —0.8365 


f  Re{e«te4« 


7.4 


7.9 


7.9 


jr. 

147.4844 


146.4660 


147.8800 


147.8700 


147.6088 


147.5061 


147.5034 


15L7496 


148.1816 


i 


+0.1 


+0.1 


146.0536 


147.8801 


150.2861 


160.5761 


149.8996 


15L7487 


+0. 1     150. 5762 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 

J. 
F. 


J. 
F. 


J. 

F. 

8n. 

B. 

F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 
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jBetnlto  of  pneUe  levdhi^ — Continiied. 
KEOKUK,  IOWA,  TO  GBAVTON  ILL.-^Coiitiaii«d. 


T.B.1C70 


T.B.1I.73 


•U.S.P.aiC.21 


T.B.1I.75 


T.B.  11.78 


123.29 

122.  eo 

126.61 

129.02 

129.04 
180.26 

182.80 

18L89 

18L86 
182.26 


•H.W.1881(  April).   132.26 


•17.aP.B.]ft.28 
T.B.1L79 


ir.&P.B.lL 


•P.B.M.S1,]Cm>- 


«H.   W.    18S1.  at 

l<ow<ifian%  Mo. 

•H.  W.  1880.    at 

[o. 

AW 

Lroalsbnia,  Mo 
U.&P.K^24 


I 


119.09 


I 


8. 
8. 


Mean 


8. 


Mean 


8. 


Mean 


8. 

K. 


Mean 


8. 


Mean 


8. 
8. 


Mean. 


8. 


Mean. 


8. 


Mean, 

K 

N 

K 


183.74  i  8 


•§ 


II 
if 


jr. 

—4.1408 
—4.1502 
—4.1458 


1-4.8 
+4.6 
+0.2 


1456 


+1.3669 
+L8640 


+1.3650 


—1.41^ 
— L  4146 


— L4136 


-1.2050 
— 1. 


1—0.9 
+L0 


-0.9 

+a9 


+1.0 

I— LO 


—1:2040 


+2. 
+2.6018 


+2.6092 


+0.9690 


+0.2989 
+0.2074 


+0.2982 


+0.6562 
+0.6547 


+0.6664 


—1.9095 
+1.9075 


-L9085 


-2.8545 


8271 


L0681 


).2803 


«H.W.1881(AjniI)   132,42! 

Iioaieiaaa,  Mo. 
•H.W.  1880.  Loo-  i  132.42  i 

iaiaiiasMo. 
•HL  W^  Amrll  26,    

U01    T^Rxiftiana. 

Mo. 
*Zmn  of  gaace  on  (  183. 05  \ 

bridge  at  Loni-  I 
Mo. 


K j  —012821 

Mean..!  -4.2812 

N i=^== 

^ i: 

X 


1.0285 


3252 


V. 


.8 
+0.9 


—0.7 
+0.8 


—1.8 
+L7 


+L0 
1—1.0 


t— ao 

+0.9 


Mm. 

1.8 


0.6 


0.6 


0.7 


0.6 


0.5 


L3 


0.7 


0.6 


B. 


Mm. 


8.2 


&2 


&8 


8.4 


&4 


S 


jr. 

146.2640 


146.6190 


146.2054 


145.4160 


148.0172 


148.0802 
148.8154 


148.9718 


I 


jrin. 


+0.1 


+0.1 


+0.1 


147.0638 


146.1173 

144.6447 
144,0037 
148.6906 


1.0678  i 


.2708  i— 11,4 
2537  1+5.7 


t 

I 


145.2065 


J. 
P. 

J. 


k 


j: 
p. 


J. 
p. 


F- 


148.9808 


148.9719 


+0.1 


148.6007 


J. 
P. 


J. 
P. 


P. 


P. 
P- 

P- 


Mean. J  —9.2594 


T.B.M.82 1  136.00 


8 1  —3.0080   +0.8 

N 1  —3.9084  1—0.2 

I i 

Mean..!  -8.9036  ' 
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BEPORT   OF   THE   MISSISSIPPI   RIVER   GOMHISfilON. 


RmuIU  nf  pred9e  leveUm^ — Continued. 
KBOKVK,  IOWA,  TO  aRAFTOK,  ILIi—OootiBiMd. 


B«iiok. 


T.B.1L8S 


'U.S.P.B.1L26 


T.B.M.87 


T.B.li.88 


•n.S.P.fi.M.28 


«U.aP.B.lL27 


T.B.1C.95 


•U.8.P.B.]hL28 


*H,  W.  1876, 
Clarkftville.  Mu. 

*H.  W.  1851, 
Cliirkfirille,  Ma 

Bod  station  1, 
Clarkiiville,  Mo. 


A.  M9>  JB*  OV  .■••>••. 

T.B.1L91 

T.B.1C.0S 

T.B.1LM 

138.  M 


140.02 


141.07 


143.29 


143.64 


144.08 


146.68 


147.02 


147.95 


148.07 


148.93 


§ 


8. 

K. 


Meao, 


8. 

K. 


8 
N 


Komi. 


8. 
N. 
8. 

K. 


Mean. 


8. 

N. 


Mean. 


8. 


Mean. 


8. 


Mean. 


8. 

N. 


Mean. 


8. 
K 
8. 
K. 


8 


Mean. 


S. 


2| 


V. 


if. 

+8.1609 
+3. 1587 


+3.1553 


6688 

L5705 


-  0.5696 


—1.8660 
—1.8943 


—1.3646 


+0.0446 
+0. 0376 
+0.0894 
+0.0866 


+0.0396 


+0.6903 
+0.6884 


+a6894 


—2.8480 
—2.8612 


Mm. 

—1.6 

+1.6 


—0.8 
+6L9 


+0.4 
-0.8 


—5.0 
+2.0 
+0.2 
+3.0 


—0.9 
+1.0 


—1.6 
+L6 


—2.3496 


— 0. 
—0.6900 


—1.1 
+1.0 


—0.6950 


+0.096:i 
+0.0927 


—1.8 
+1.8 


+0.0945 


+4.4392 
+4.4346 
-^4.4360 
+4. 4379 


+4.4369 


+0.5737 
+0. 5787 


+0. 5737 


—1.0499   +0.1 
-1.0497  —0.1 


Mean. 


149.07 

149. 15 
149. 18 
148. 98 


S. 


—1.0498 


—2.3 
+2.3 
+0.9 
-1,0 


0.0 
0.0 


+0.1656 
+0.1666 


Mean..    +0.1662 


+0.4 
—0.4 


N. 
6 


4025 


—1.  6284  I 


8. 


—3.7384  !— 0.4 
—3.7392  '+0.4 


r. 


Mm, 
LI 


a6 


0.2 


•(' 


L2 


0.6 


1.1 


a7 


L2 


0.7 


0.0 


0.1 


0.8 


0.3 


Mean..'  —3.7388 


B. 


Mm. 


&6 


&8 


&8 


M. 

147.8528 


147.2827 


14&  9181 


145.9677 


146.6471 


143.6081 


1419181 


143.0076 


147.4445 


14a  0182 


146.8947 


146.5609 


143.9322 
144  6663 
142.6559 


I 


Mm. 


+0.1 


I 

|l 

s 


147.2838 


+0.1     146.6472 


+0.1 


+0.1 


14&0183 


t 

J 

o 


146. 5610 


P. 


J. 
P. 


J. 
F. 


J. 
F. 
J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


.r. 
p. 
J. 

F. 


J. 
F. 


J. 
F. 


J. 
F. 


F. 

J, 

J. 
F, 
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Be9uit9  of  pred9e  leveUn^ — Contiimed. 
KSOKVK,  IOWA,  TO  GRAFTON,  ILL-^onttnaed. 


Beneli. 


Soditetioii  2,1s- 
kndtfS. 


XodilitlonS 


X«data«ioii4 


*IX.&P.B.1L29. 


T.B.1L97 


T.jaLK.99 


*XJ.aP.B.]£.80 


T.aM.101 


i.&K.ioe 


i7.&p.B.]i.a 


tKlLlU 


T.&]i.l06 


8 
I 


Km. 
149.58 


14ft.  90 


150.49 


159.78 


150.93 


152.75 


155.15 


t;.SP.B.M.32 


10&9O 


157.80 


159.78 


19L18 


182.18 


105.82 


195.96 


o 
9 


S. 


Hean. 


Heaa. 


Mean. 


S. 


Heaa. 


S. 


Mean. 


8. 


Mean. 


8. 


Mean. 


2« 


i 


jr. 

-f  0-0771 
4-a  0782 


•f  0.0768 


+0.0777 
+a0768 


+0.0772 


—0.7212 
—0.7190 


—0.7201 


+0.8108 
+0. 8128 


+0.8118 


—0.0181  —0.7 


—0.0176 


—0.0108 


V. 


r. 


Mm. 
I— a5 
+0.4 


-as 

+0.4 


+1.1 

1—1.1 


+1.0 
— LO 


-^.2629 
—0.2612 


+0.7 


+0.9 
8 


—0.2820 


+  1. 


.2087 
2087 


+  L2087 


8 —  0.9795 

IT    —  0.9801 


Mean..  —  0.9798 


0.0 
0.0 


—0.3 
+0.8 


—  2. 2617   —2. 4 

—  2.2665  1+2.4 


—  2.2611 


+  1.2668 
+  1. 2651 


Mean..  +  1.2660 


—  0.8392  ,—0.4 

—  0. 8399   +0. 3 


—0. 9 

HlV.V.'.VA^  6! 9936   +o!8 

i 1- 1 

Mean 0.9928  I 


Mm. 
0.8 


+  0.3240  i+2.1 
+  0.3282  1—2.1 


Mean..  +  0.3261 


+  7.2578 
+  7.2551 


Meaa..l+  7.2564 


0.8 


0.7 


0.7 


0.5 


0.0 


0.0 


0.2 


1.6 


0.6 


0.2 


0.6 


L4 


B. 


Mm. 


0.9 


8.8 


&8 


9:0 


9.2 


I 


Jr. 

142.7825 


142.8997 


142.0896 


I 


8 


JTtn. 


142. 9012 


142. 8844 


142.6392 


143.8479 


+0.0 


142.8844 


142.8681 


141.5888 


142.8498 


142.0102 


141.0174 


ao     148.8881 


0.0 


14L8485 


14&5999 


+0.1 


I 


142.0102 


148.0000 


J. 
P. 


jr. 

F. 


J. 

P. 


J. 
F. 


J. 
P. 


jr. 
P. 


J. 
p. 


J. 

F. 


J. 
P. 


J. 

P. 


J. 
P. 


J. 
P. 


J. 
P. 


J. 
P. 
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REPORT   OF   THE   MISSISSIPPI   RIVER   COMMISSION. 


B€9ult$  of  preciM  leveUtiff — Continued. 
KSOEUS;  IOWA,  TO  a&AFTOK,  XLL—^ondniied. 


Bench. 


XB.M.108 


rr.B.iLio9 


1T.&P.B.1LSI. 


T.  B.  M.  Ill 


T.B.M.n8 


a?.B.lL114 


Km, 
ieT.64 


168.08 


s 


8. 


Mmb. 


170.24 


*HL  W.,  1876.  at 
BiMnbnrg,  111. 

*H.W.,AprIl,  1881, 
•t  HttDonrg,  111. 

*Tr.&P.B.lC34.. 


T.BlM.115 


T.  B.  U.  116 


U.S.P.B.M.35... 


T.B.H.119 


171.62 
174.58 

176.74 

175. 08 
176.08 
175.84 

176.76 

177.85 


8. 

K 
8. 


Mean. 


8. 


Mean. 


8. 


Mean. 


8. 
N 


8. 


•s 
s. 


jr. 

-7.8890 


—  7.8880 


+  2.4612 
+  2.4455 

-f  2.4474 


+  2.4480 


+10.8288 
+10.8277 


+10.8280 


—21.8860 
—21. 8870 


V. 


r. 


Mm. 
—0.1 
+0.1 


—3.2 

+2.5 
+0.6 


i— 0.8 
+0.8 


-0.1 

ao 


-2L8870 


—  1.8178   +L3 

—  1. 8148  .—1. 2 


Mean..—  1.8160 


Mm, 
0.1 


LI 


0.8 


0.0 


0.8 


+  2. 0828  1—1. 7 
+  2.0780  +L7 


Mean. 


S. 

S. 

8. 

N 


Mean. 


8. 
N 


Mean 


+  2.0806 


—  2.0008 


—  2.8186 


—  1.6244 

—  L6228 


1.1 


R. 


Mm. 


+0.8 
—0.8 


0.5 


—  1.6286 


+  4.0608 
+  4.0677 


I 


—1.0 
+1.1 


•- 1 


+  4.0688 


—  0.8870  ,+1.8 
!—  0. 8343   —1. 8 


180.63 


181.60 


Mean..—  0.8361 


0.7 


1.2 


+  1.4701   —2.3 
!+  1.4654   +2.4 


Mean..  +  L4678 


CS.P.B.M.86 


T.  &  M.  123 


182.06 


186.24 


+  0.4750  1—0.8 
+  0.4724  1  +  1.8 
+  0.4751  '-0.0 


+  0.4742 


—  0.7301    +1.2 
I—  0.7277  j-1.2 


Mean. 


L6 


0.0 


—  0.7280 


—  1. 0281   —1. 1 

—  1.0303    +1.1 

I— L  0202  , 


0.8 


0.7 


0.2 


8 

1 


M. 

140.7610 


148.2000 


168.0870 


141.6600 


140.8840 


148.8146 


m 

g 

9 


8 


Mm, 


t 
II 


o 
'J 


+0.2 


0.4 


141. 2158 
14L  0010 
141. 6010 


148.2884 


ao 


168^0872 


i 


141. 6016 


138.4478 


0.6 


130. 0151 


0.0 


140. 3803  i 


180.0151 


0.6 


180.6604 


138. 6312 


0.0 


180.6604 


J. 

F. 


J. 
F. 
J. 


J. 

F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 

J. 

J. 
F. 


J. 
F. 


J. 

F. 


jr. 

F. 


J. 

f:' 


J. 
F. 


J. 
F. 
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BmtUU  of  'preeiae  levelinff — Continued. 
KBOKUK,  IOWA,  TO  GKAFTOK.  ILL.--CoDti]»ied. 


T.&M.1M 


U.aP.B.  11.87. 


T.B.  11.116 


T.&lf.l28 


T.B.1I.197 


T.&M.128 


T.B.M.129 


V.S.V.B.M.9S 


i 
I 


Km. 

187.28 


187.92 


189.28 


•3 


I 


9 


8. 


S t+  0.8767 

K t+  a  6780 


Jr. 

+  0.8818 
4-  0.8738 


MM&..i+  0.6n4 


S ,+  0.2583 


K 


i+  0.2812  — LO 


Hm&..!+  0.2802 


Mm, 
-4.4 

+2.1 
+0.7 
+1.4 


+0.9 


8. 
N 


.—  1.1051  --2.5 
..-  L1102    +2.6 


R. 


Mm. 
1.0 


0.8 


1.7 


'—  1.1076 


189L90    8 '—0.1387 

N |-  0.1877 

I     Meu..'— 0.1382 


+0.5 
—0.5 


0.8 


19L95  i  S h-  0.4808  1—0.8 

-i-0.6 


I 


Mm. 


N 


192.72 


—  0.4820 


Mean..  — 0.4814 


S. 

N 


194.10  IS 1—5.2789 


+  6.7191  r-0.2 


+  5.7187 


Mean..  +  5.7189 


0.4 


+0.2 


0.1 


N ;— 5.2788   -0.2 


+0.1       0.1 


Mean..  I—  5.2758 


196.46 


S 


+  0.4248 
+  0.4256 


+0.4 
—0.4 


Mean..,+  0.4252  ! 


T.B.M.130 i  198.96  'S +  0.2804 

!  ,N i+  02760 


—2.2 
+2.2 


L6 


*<7.S.P.B.M.39 


198.97 


Mean..i+  0.2782 


■  S +  0.5897  '—0.1 

;N 1+  0.5805   +0.1 

1 

Mean..|+  0.5806  ! 


0.1 


T.B.H.131 197.93 


T.BwH.132 200.00 


8 :+  0.8111   — L3 

N ,+  0.8084    +1.3 

Mean..!+  0.8098 


0.9 


tr.8.p.aM.4o 


rB.ML133 


200.51 


201.87 


S i—  1.1569   +0.8 

N .,—  1.1562  —0.4 


Mean..,—  1.1566 


0.2 


8 


I—  0.0020   -1.2 
.|—  0.0043  1+1.1 


0.8 


Mean..,—  0.0032 


8. 

K 


Mean, 


r- 0.8435   +0.9 
—  0. 6417  ,—0. 9 

-  0.8428  ! 


0.8 


a 


jr. 

189.8068 


9. 7     137. 5688 


188.4612 


18&8230 


i 


> 


ao 


187.8416 


148.6805 


188.2817 


0. 3       9. 9     13&  7069 


18&9851 


la  0     139. 5747 


10.1 


139. 7949 


188.6388 


188.6351 


137.9925 


0.0 


0.0 


0.0 


II 


Si 


O 


189.5688 


18a 7069 


189.5747 


138.6851 


jr. 
J. 

F. 


P. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 
F. 


J. 

F. 


J. 
F. 


J. 
F. 


J. 
F. 
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B$9mU$  of  preei96  leveling — Contmiied. 
KBOKUK,  IOWA,  TO  O&iLFTOK,  IIX.~G«ntiiiiie(L 


T.B.111S6 


T.B.lLia6 


•T7.aP.B.lL41 


T.B.1L187 


X.B.1L1JM 


T.B.1LI80 


X.B.1L140 


'  *T7.&P.B.]C42 


T.B.1L141 


T.B.1L141I 


X.B.li.148 


•U.aP.B.K.43. 


I 


ao4.oi 


206.92 


30S.04 


208.74 


207.62 


200.24 


200.08 


210.00 


211.62 


212.41 


214.52 


214.68 


I 


0. 


8. 
K 

8. 


—  0.8027 

—  0.8066 


—  0.8042 


Hmh. 


8. 


Meaa. 


8. 

N 


I 


V. 


+  4.2970 
+  4.2000 
+  4.2008 
+  4.2018 


+  4.2022 


+  0.5742 
+  a  6750 


Mm. 

—1.5 

+1.4 


-4.8 
+2.2 
+1.0 
+0.0 


+0.4 
I— 0.4 


+  0.5746 


—  6.8058 

—  6.8860 


Mean..—  6.8850 


8. 

K 
S. 


Mean. 


8. 


Mean. 


—  1.4804 


8. 
N* 
8. 
K 


Mean. 


8. 


Mean. 


—0.1 
+0.1 


r. 


+  4.2674  -2.0 


+ 
+ 


4.2620 
4.26»1 


+  4.2645 


1.4S16 
L4792 


—2.5327 
—2.5876 
—2.5881 
—2.5882 


—2.5866 


+1.6 
+1-4 


+L2 
—1.2 


—3.9 
+1.0 
+  1.5 
+1.6 


+6.8488   +0.4 
+6.3446  —0.4 


+6.8442 


8 !  +0.1215 


8. 


Mean. 


+0.1133 
+0. 1187 
+0. 1174 


+0.1177 


8 :  —0.8184 


K 
N 
8. 


—0.8234 
—0.8229 
—0.8220 


Mean..'  —0.8217 


—8.8 
+4.4 
—1.0 
+0.8 


—3.3 

+1.7 
+1.2 
+0.3 


8 +3.3867  —1.7 

N +3.3534  !+1.6 


Mean..!  +3.8550 


<S I  +1.5071 

K ,  +1.6072 


+0.1 
0.0 


Mean..;  +L5072 


Mm. 
1.0 


1.1 


R. 


Mm. 


0.8 


0.1 


1.0 


0.8 


0.9 


0.8 


L2 


0.8 


10.2 


10.8 


I 

i 


jr. 

187.0068 


141.8006 


141.0661 


184.4»I6 


18a  7691 


137.2787 


184. 7421 


141.0868 


I 


184.8608 


184.0881 


1.1  1 1  137,3831 


0. 0  j  10. 5  1  13a  8008 


d 


9.0 


0.0 


0.0 


t 

75 


il 


141. 06U 


141.0868 


18a 9008 


i 


P. 


J. 
P. 
F. 
J. 


J. 

P. 


J. 

P. 


J. 

P. 
J. 


J. 
P. 


J. 
P. 
J. 
F. 


P. 
F. 


J. 
P. 
J. 

F. 


J. 
F. 
J. 
J. 


J. 
P. 


J. 
P. 
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SeiuUt  ef  pTMise  towUiif— Continued. 
XXOKDK.  IOWA,  TO  QBAPTOK/lLL^CotttteiMd. 


Bench. 

i 
p 

Direction. 

Difference  of  ele- 
vation. 

V. 

r. 

B. 

• 

1 

1 

s 

1 

i 

T.  Bl  M^  14ff       .....  r 

At. 

217.08 

217.58 
217.54 
SlflL66 
222.15 
222.48 
222L40 
224.47 
226.85 

8 

K 

Mean.. 

S 

N 

Mean.. 

8 

K 

Mean.. 

8 

N 

Mean.. 

8 

N 

Mean:. 

8 

N 

Mean.. 

8 

N 

Mean.. 

8 

N 

Mean.. 
8 

Jf. 

—8.7711 
—3.7721 

Mm. 

—0.5 
+0.5 

-0.1 
+0i2 

0.0 
0.1 

0.0 
—0,1 

-0.7 
+0,6 

—0.3 
+0.3 

-0.1 
0.0, 

+0,8 
—0.9 

+2.8 
—2.8 

—0.1 
+0.1 

—1.0 
+1.0 

+2,1 
—2.0 

+0.3 
—0.4 

—2.0 

+2.9 

Mm. 

Jfm. 

M, 

138  6215 

Milk 

M, 

J. 

F. 

0.1 

186u2511 

^•■•. •••* 

-«.7716 

T.B.M,14e 

+2.6207 
+2.6994 

J. 
P. 

0.0 

10.6 

13&7766 

ilO 

18&7756 

+2.6296 

•tT.&P.B;X.44.. 

+2.5244 
+2.5245 

J. 
P. 

0.0 

135.9605 

+2.5244 

T.B.M.14ff  ....r  - 

—0,2916 
—a  2915 

/. 

P. 

0.4 

•«*•«• 

136.5868 
186.8871 

1 

—0.2916 

T.B.  V.160 

—0.8725 
—0.3788 

J. 

P. 

0.2 

—0.3732 

i.B,M.iai 

-^1989 
—0.1995 

J. 

P. 

0.0 

10.5 

137. 0149 

0.0 

187.0149 

—0.1992 

n7.ap.BwM.  45.. 

+1.6279 
+1.6278 

J. 
P. 

0.6 

185.1271 

+L6278 

T.B,M.1ff2. 

—0.2808 
—0.2501 

J. 

P. 

1.5 

• 

133.2497 

—0.2600 

T.B.M.158 

-1.8797 
—1.8761 

J. 

X 

P. 

2a6u84 
229.14 
280.28 
230.24 
281.82 
231.89 

Mean.. 

8. 

N 

Mean.. 

8 

N 

Mean.. 

8 

N 

Mean.. 

8 

S 

Mean.. 

S. 

N 

Mean.. 

0.1 

lao 

144.6714 

+0L 

144  6715 

—1.8774 

•U.B.P.B.M.46.. 

+  11.4218 
+11.4216 

J. 
J. 

a7 

133.8581 

+11.4217 

t.B.M.156 

+0.6094 
+0.6074 

J. 

P. 

1.4 

187. 4281 

+0. 6084 

T.BwM.134 

+3.5679 
+8.5720 

J. 

P. 

0.2 

10,7 

137.8855 

0.0 

187.8855 

+3.5700 

•U.aP,B.M.47.. 

+0.4071 
+0.4078 

J. 
P. 

1.9 

136. 2519 

+0.4074 

T.&M.19T 

—1.1733 
— L  1791 

J. 

p. 

135.6445 

• 

—1. 1762 

*H.  W.,  ■nrlng  of 
VUL 

—0.6074 

P, 

106 


RBPOBT   OF   THE   BfISSI88IPPI   BIVEB   COMMISSION. 


Be9uU»  o/  preoise  leoeUnff — Continued. 
KBOKUK,  IOWA',  TO  GRAFTON,  ILL.-<;oiiiiniiecL 


Benok. 

• 

1 

Direction. 

i 

J' 

V. 

r. 

Mm. 
1.8 

B. 

• 

! 

• 

1 

1 

H 

• 

T.B.M.166 

Km. 

288.88 

286.10 
287.21 
289.88 
288.49 

289.86 

240.08 

241.36 
242.17 

8 

N 

Mean.. 

8 

N 

Mean.. 

8 

N 

Mean.. 

8 

isr 

Mean.. 

8 

K 

8 

N 

Mean.. 

8 

N 

N 

8 

Mean.. 

8 

N 

Mean.. 

• 

—0.6612 

Mm. 
4.2.0 

Mm. 

• 

M. 

185i6887 

Mm. 

M. 

J. 

—0.6572  !— 2.0 

P. 

0.2 

18&4027 

—a  6592 

T.Rlff.160    ...... 

4-0.8102 

~ui.9 

J, 

-i-0.8097    4.0.  s 

P. 

4.0.7 

0.6 

188.7288 

\*  "  * '  * ' 

+0. 8100 

T.B.M.iei 

—2.6801 

J. 

—2.6786  l1^8 

B. 

+2.9 
—8.0 

2.0 

11.2 

134.5686 

0.0 

• 
184.5086 

—1.6794 

U.  8.  P.  R  M.  1 
(Oniflon). 

+a7778  I 
+0. 7882 

jr. 
P. 

-0.6 
+0.8 
—1.1 
+1.0 

—4.3 
+5.6 
+7.8 
—9.2 

+0.1 
—0.1 

• 
0.8 

180.9287 

40.7802 

Bod  Stationl 

—8.5792 
—8.5806 
-«.6787 
—8.6808 

J. 

P. 

B. 

B. 

2.7 

181. 0121 

-8.5798 

Bod  Station  2 

•4  0.0927 
-1-0.0828 
4-0.0806 
•f  0. 0976 

J. 

(crosBing  Illi- 
nois Biyeri. 

J. 

P. 

P. 

0.1 

11.6 

186.8620 

0.0 

186.8020 

+0.0884 

U.  a.  P.  R  M.  2 
(Grafton). 

+6.8498 
+5.3500 

J. 
B. 

186.8195 

+5.3499 

*H.W.,AprIl,1881 

—0.0425 

p. 

8 

N 

Mean.. 

S 

N 

Mean.. 

—0.6 
+0.5 

+0.2 
—0.3 

0.4 

11.5 

tl39.8116 

TJ.  S.  P.  B.  M.  8 

+2. 9502 
+2. 0491 

P. 

(Grafton). 

B. 

0.2 

134.7258 

4-2.9496 

*P.B.M.66  of  Cap- 
tain Maokensie. 

—4.7040 
—4.7086 

P. 

P. 

Beferred  to 
Mackenzie  B.M. 

—4.7038 

ElcTation,  Mackenzie  B.  M.,  139. 4296.    See  page  — . 

tThe  elevation  of  17.  S.  P.  B.  M.  3,  as  given  on  page  — ,  is  taken  as  the  initial  elevation  for  all  points 
north  of  Grafton.  This  bench-mark  is  on  the  Catholic  chnroh  steeps,  and  is  believed  to  be  more  lik^T 
to  have  remained  ondisturbed  than  U.  S  P.  B.  M.'s  1  and  2,  which  are  stone  posts  set  in  the  gronnd. 
The  discrepancy  between  tke  determinations  of  difference  of  elevations  of  XT.  8.  P.  B.  M.  1  and  8,  mada 
in  1880  and  1881,  is  6.6>-,  that  of  1881  being  the  larger. 
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Beeults  of  prwUe  levelinff — Continned. 

KSOKUX,  IOWA,  TO  FULTON,  ILL. 
rBenoh-mArkB  mwked  with  an  ast«ri«k  are  not  in  the  main  line.] 


Beneh. 


A 
I 


n.  &  P.  B.  X.  3, 


17.  &  p.  B.  IL  2, 

Keoknk. 


Mm,   I 


6 

1 

S 
jr. 


V. 


r. 


R. 


K. 
S. 


-4.6875  i— 0.1 
—4.6877  !+0.1 


I  Mm.  I  Mm.  \  Mm. 
0.1 


M. 


I 


TT.  S.  P.  B.  IL  1, 


I 


Mean. 


6376 


T.B.M.1. 


olo  <k '—aaiso  1+0.4     as'  o.8 

8 , —0.2161  I— 0.4 


Mean..,  —a  2156 


L76    N 4-1.7787 

18 +1.7826 

N ,  +1.7767 

18 +L7778 


T.B.M.2. 


I    Mean.. I  +1.7777 


3.11     N ;  —0.0817 

N I  -0.0941 

8 — 0.0M4 


—4.0 
—4.0 
+  L0 
-0.1 


—2.5 
—0.1 
+0.2 


L2 


:  S — 0.00i8  +2.6 

Mean. 


0.7 


158.8147 


158.2206 


U.S.P.B.1L1 


S.68!N 

N 
8. 
8. 


—0.0042 


+0.7818  +1.8 
+0.7330  +0.1 
+0. 7344  1—1. 3 
+0.7334  1—0.3 


0.4       1.5 


135.9536 


Mean..  I  +0.7331 


*&yorthbaae 

(Kiiwqnnann'a).  ' 
T.&M.3 


4.18  IN ,  +0.1386 

6.07 


0.0  1 150.0022 


N ,  +L5766  ;+Ll  t    0.7  \ ,  160.5318 

N '   +1.5766  i+1.1    t I 

8 1  +1.5768  ;+0.9  ' I | 

8 +1.5810  :— 3.8  j I ; 


Mean..    +1.5777  | 


I 


T.RM.5aad5a. 


7.66|N ,—1.1219—0.8  1    0.8 

S !  — L1262  ,+3.5  ! 

iN I  —1.1210  .—1.7    

.  8 1  —1.1216  —LI  I 

I  I 


Mean. . :  —1. 1227 


150.4086 


T.aM.6 1       8.90 'N +1.69.53'    0.0 

'  ,  S I  +1.6052    f0.1 


0.0    1  16L1039 


Mean. 


1.ILM.7 "     10.67    N 

I  8. 


+L  6953 


+3.3322  1+1.4 
+3.3351  '—1.5 


1.0 


164. 4375 


Mean..!  +3.3336 


X.&M.8 1    1L76    N 


—1. 10^ 


S — L1853  —0.1 


+0.1  i    0.1 


Mean..'  — L1854 


,!  103.2521 


0.S.P.B.M.2....1    12.20    N i  -2.3647    +1.8 

8 •  —2.3612  — L7 


L2 


2.4  f. 


160.8892 


T.P.B.0and9a.. 


Mean.. 

—2.3629 

13.93 

N 

8 

+4.6463 
+4.6476 

Mean.. 

+4.6469 

+0.6 
—0.7 


0.4 


165w536I 


I 


8 


Mm. 


+0.1 


+0.1 


•3 

II 


o 


Jf. 
16L8801 

156.7625 


156.6870 
(See  re- 
port 848.) 


15a  9687 


159.0923 


+0.1  >  160.8898 


I 

& 


1 


P. 
P. 


P. 
P. 


P. 
P. 
P. 
P. 


P. 
P. 
P. 
P. 


P. 
P. 
P. 
P. 


P. 

P. 
P. 
P. 
P. 


P. 
P. 
P. 
P. 


P. 
P. 


P. 
P. 


P. 
P. 


P. 
P. 


P. 
P. 


J. 
P. 


P. 


P. 
P. 
F. 
P. 


J. 
J. 
J. 
J. 


J. 
J. 
J. 
J. 


J. 

J. 
J. 
J. 
J. 


P. 
P. 

P. 
P. 


P. 
P. 


J. 
J. 


J. 
J. 


J. 

J. 


P. 

P. 
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M€9Hlt8  of  fr^cUe  lewlimg — Contiiiued. 
KSOKUX;  IOWA,  TO  FULTON,  ILL.— Gosiliiaed. 


Beaoh. 

1 

* 

• 

II 
1* 

V. 

1 

r. 

B. 

1 

• 

1 
1 

1 

u 

5 

I 

9 
CO 

P. 
P. 

P. 

P. 
P. 
P. 

F. 

P. 

P. 

P. 
P. 

P. 
P. 

P. 
P. 

P. 
P. 

P. 
P. 

i 

o 

T.&M.10 

16.51 

N 

s 

jr. 

-1-0.7558 
+0.7584 

Ifm. 
—0.0 
+L0 

Mm. 
0.6 

Mm. 

M. 

16&2906 

Mm, 

jr. 

F. 

F. 

;- 1 

150.0485 
102.4608 

1 

16.01 
17.72 

17.08 
ia.40 

18.81 

2a  05 

21.66 

• 

28.08 

Mean.. 

N 

K 

S 

N 

K 

Mean.. 

8 

N 

Mean.. 

8 

N 

Mean.. 

K 

8 

Mean.. 

8 

N 

Mean.. 

N 

8 

Mean.. 

N 

8.- 

+0.7544 

*  M«ohaiilo8  Book 

—7.2410 

^J: 

+L8 
—4.1 
+0.6 
+2.8 

LO 

T.Bi]|.U 

-8.8415 
—8.8861 
-«.8407 
—3.8425 

J. 

J. 

J. 

J. 

2.8 

167.7489 

+0.8 

• 

167.7402 

—8.8402 

-1.0 
+1.0 

—0.4 
+0.4 

-1.4 
+L6 

+0.8 
—0.8 

+1.5 
—1.4 

—0.4 
+0.4 

-1.7 
+1.6 

0.7 

•Xr.8.P.B.M.8.. 

+5.2906 
+5.2876 

J. 
F. 

OuS 

168.1878 

+5.2986 

T.  KM.  12  and  12a 

+0.6870 
+0.6871 

F. 

F. 

1.0 

160.0617 

+0.6876 

*B.M.Harr 

—2.1847 
—2.1876 

0.2 

164.7412 

—2.1861 

T.B.M.18 

+1.6031 
+1.6087 

F. 

F. 

1.0 

160.6828 

+1.6084 

T.&M.Uaadl4a 

+4. 0501 
+4.0530 

J. 

J. 

0.8 

170. 8008 

+4.0516 

T.B.H.15andl6a 

+1.1984 
+1.1076 

J. 
J. 

J  "^ 

LI 

«  •     *«  p 

175.7710 

24.66 
26.44 
26. 56 

Mean.. 

8 

N 

Mean.. 

S 

N 

Mean.. 

8 

"W 

+1.1080 

- 

T.B.H.16andlto 

4-4.8810 
+4.8786 

P.    J. 
P.    J. 

176.6478 

+4.8802 

fl.0 

0.0 

P. 
P. 

P. 
P. 

1 

T.BwM.17 

+0.7768 

F. 

+0.7760  L-A-l 

F. 

17L6877 

+0.4 

171.6681 

+0.7768 

i;.ap.B.M.4.... 

—4.8804 
—4.8798 

1+0.3 
t— 0. 8 

0.2'i    8.1 

F. 

F. 

1     Mean.. 

27.50    8 

N 

*     Keaa.. 

1 

S.2 

160.8600 

+0.4 

160.8603 

-4.8801 

1 

+0.7 
i 
1 
,+1-3 

I 

1 

0.5 

TJ.8.P.B.M.5.... 

—1. 8070 
—1. 8085 

P.    F. 
P.     F. 

17L8710 

+0.4 

171.8714 

—1. 8078 

1 

u.ap.RM.e.... 

28.04 

8 

N 

Mean.. 

(  +1.6098 
!  +1.5125 

;  +1.5111 

;  0.0 

3.8 

P.  !  F. 
P.  '  F. 

I 

1 
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BenUU  pf  pr9el90  /«9f Hii^— Oonttniied. 
KBOKUK,  IOWA,  TO  FITLTOK,  ILL.-G«itlinwi. 


T.B.]L18aadlfa 


T.B.lL19Hidlte 


T.B.1I.M 


x&ica. 


T.  &]!.». 


T.&1L94. 


V.8.P.B.1C.7... 


T.RICSS. 


*Tr.S.P.B.lL8. 


T.B.M.SB. 


T.BJ(.27a^S7a 


XB1128. 


T3uXJ9aad29a. 


t 


80L4S 


SLR 


33.  M 


36wS2 


36.87 


38.  se 


38.68 


38L00 


88.  S7 


48.28 


4L80 


43.83 


44.87 


S. 


Hean. 


8. 
N 


HMn. 


K 
8. 


Mmh. 


8.... 


Hean. 


S. 


Hauk. 


8. 


Heta. 
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^       Jieaaltg  of  precise  levelivff — Continued. 
KBOKTTK,  IOWA,  TO  FULTOK,  ILL.>«ontina6d. 


Bench. 

« 

1 

p 

1 

u 

2 

N 

H 

ft 

1 

i            t 
1 

i 

1 

• 

§ 
I 

Mm. 

o 
O 

if. 



1 
1: 

F. 
F. 

• 

O 

T.B.M.70uid79a 

111.00 

J/. 

-1.7230 
—1.7240 

Mm. 

— o..*; 

+0.5 

Mm.  1  Mm, 
0.8    

M. 

169.3046 

F. 
F. 

Mean.. 

1           1 
1           1 



170. 6252 

-L723& 

-I7.&P.aM.19.. 

111.47  i  N 

8 

'    Mean.. 

111.30  1  N 

11L54  1  K 

11L54  1  N 

1 

111-«2  1  N 

-f  1.3188 
+1.3205 

+0.4 
—0.3 

0.2       6.9     170.6248  |+0.4 

J. 
.1 

1 

173.6188 
170. 6231 

-f  1.3203 

•                        1 

1 

•r.&P.B.M.20.. 

+4.3437 

6.0  r  173.6483    +0.5 
6.9     170.6227  i-i-O.^ 

IF. 

F. 

F. 

F. 

F. 
F. 

F. 
F. 

F. 
F. 

F. 
F. 

F. 
F. 
F. 
F. 

F. 
F. 

F. 
F. 

F. 
F. 

F. 
F. 

»  «  »  • 

J. 

'P.B.M.47.Mack- 

+  1.3181 

J. 

CDzie. 

■ 

...... 

1 

*H.W.  mark,  1851, 

+1.0H81 
"+0^8733 

170.8927 
169. 9779 

J. 

KfrithKburir,  III. 
*B.V.  mark,  1881. 

J. 

Keithsbnrg.  111.                 | 
T.B.M.W..:.....    111.40  ■  N 

—0.3 
+0.4 

—0.6 
fO.7 

—1.6 

a2 

+1.0671 
+1.0664 

i  170.3714 

1.... 

F. 

i  S 

F. 

'               ( 

0.4 

1 
1  178.0208 

1 

1     Mean.. 

+1.0668 

T.B.U.81and81a   111.87  1  N 

+2.6500 
+2.  6487 

F. 

'  S    

;:;:;:i:::::::;;: 

F. 

1 

1 

1 

1 

1              !    Mean. 

1              1 

-t- 2. 6494 

T.B.  11. 82 and 82a   113.40  i  X 

+6.  2676 

1.1  j ,  170.2868 

F. 

>S 

+6.2643    -t-1.7 

.....  1 ...... .... 

F. 

I 

+0.2 

Meui.. 

+6.2660 

1 

180.1505 

T.B.M.83and83a  114.83     X 

+0.8725 

ai 

F. 

S 

Mean.. 

N 

S 

N 

8 

Mean.. 

N 

S 

Mean.. 

N 

S   

Mean.. 

K 

S 

Mean.. 

N 

8 

+0.8729 

-0.2 

+4.0 
—4.0 
+0.3 
—0.4 

F. 

180. 9194 

1 

+0.8727 

T.B.M.84 118.10 

-hO.  7550 
+  0.7639 
+  0.7506 
+0. 7t03 

i-M 

J. 

t 

J. 

' 

1 

J. 

i. 

J. 

1 

180.9021 

117.45 
118.75 
119.81 
12a  82 

+0.7909 

+L8 
-1.3 

-0.6 
+0.6 

—1.8 
+1.9 

—1.2 
+  1.3 

-«.4 
+0.8 

1 
1 

0.9 

\ 

T.aM.85and89« 

--«.0]86 
—0.0160 

J. 
J. 

0.4 

•  *  •  •  • 

180. 2157 

—a  0173 

T.RSL88 

0 

-0.6858 
-0.6870 

J. 
J. 

1.2 

179.0793 

—0.6864 

T.RM.e7 

-1. 1346 
-1.1383 

J. 
J. 

0.8 

•  •  «  • 

175. 2031 

w. 

—1.1884 

T.B.M.88aDd88a 

—8.8760 
—3.8775 

J. 

J. 

0.2 

7.3 

175. 2617 

+0.6 

175.2628 

Mean.. 

;  —3.8762 

•r&p.aM.2i.. 

120.84 

N 

8 

Mean.. 

+0.0.-190 
1  +0.0583 

F. 
F. 

1 
1 

!  -1-0.0586 

1 
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Reeulis  of  precise  leveling — CoDtinued. 
KBOKTTK,  IOWA,  TO  FULTON,  ILL.-Continaed. 


1 
Bench. 

1 

p 

Km. 
124.24 

124.56 

124.77 

• 

N 

8 

Mean.. 

N 

8 

Mean.. 

N 

8 

Mean.. 

N  

S 

Mean.. 

N  

N 

8 

Mean.. 

N 

8   

N 

S 

Mean.. 

N 

8 

Mean.. 

N 

8 

N 

8 

Mean.. 

N 

8 

K 

s 

Mean.. 

N 

N 

8 

a 

Mean . . 

N 

8 

Mean.. 

N 

S 

Mean  . 

• 

jr. 

+2.0934 
+2.0928 

V. 

Mm. 
—0.8 
+0.3 

-0.8 
+0.8 

0.0 
0.0 

r. 

Mm. 
0.2 

K. 
Mm. 

• 

> 

M. 

177.2962 

Bod  correction. 

1 

Corrected  eleya- 
tion. 

1 

S 

F. 
F. 

F. 

F. 

9 

o 

T.B.M.89and89a 

Mm. 

Jr. 

p. 

F. 

0. 2      7. 8 

iri.3634 

-H).5 

•hO.4 


172.2639 
170. 8788 

+2.0931 

U.8.P.B.M.a2  .. 

—5.0825 

-5.0881 

< 

F. 
F. 

i 

170.5779 

— 5.0628 

*P.&M.46,Mac. 
kenile. 

—1.6855 
—1.6855 

6.0 

F. 
F. 

180. 0110 

+0.7 



180.0117 

124.82 

— 1.G85S 

+6.4 
—0.5 

1 

a3  1    7.3 

1 

•0.8.P.RM.23.. 

[  +7.7472 
+7.7481 

+7, 7476 

.... 

F. 
F. 

1 

1 

1 

: 

1 
1 

170.8588 

167.4543 

t 

*H.W.Mark,188!, 

New  Boston,  Til. 

T.RM.90 

124.62 

1!U  77 

1  —1.4046 

1 
—0.0 

o«; 

1...... 

—4.8062 

F.  '  J. 

—4.8100  14-0.9 

F.    J. 

1 

1 

1 

1 

1 

0.6  I 

......I....*. 

167.4345 

-4.8091 

{•) 

T.B.M.91 !  12S.14 

— 0.0081  > 

J. 

—0. 0849^  i"*-  ** 
-0.0083^1,  •g 
— 0,0331  ^+''**' 

J. 

F. 

F. 

1 

1 

—0.1 

"•*••"  •••••• 

0.0  ' 

168.0017 

—0.0198 

1 

1 

T.  B.M.92aBd92a 

125.23 

+0.5673 

P.    F. 

+0.5672  >    0.0 

P. '  F. 

—1.1 

I 

0.8  i 



1 

+0.5672 

169.6&81 

I 

t 

T.  It  M  98               1  126.  31 

+1.6575 

P. 
P. 
F. 
F. 

p. 

F. 

+  1.6662    +6.2 
+1.6532   +8.2 
-4-1.6588  — S.4 



F. 

1 

F. 

1 

F. 

0.2  , . 

168.1526 

+1.6564 

T  B.  M.94 127.18 

— 1.5050 

—0.6 

F. 

-1.5053  ;— 0.2 
— L5061  1+0.6 
—1.5056    4-0.1 

P. 
F, 

F. 

......  - 

*•  • 



F 

1  

F.     F. 

4-1    » 

1 

—1.5056 

1 

f            ; 

T.  B.  M.Oo 128.40 

+  1.8817 

0.8    

170.0356 

• 
P.  i  J. 

4-1. 8803    +2.7 
+  1.8851   —2.1 
4-1.8851   —2.1 

F.  '  J. 

P.  .  J. 

F.    J. 

P.   .r. 
p.   J. 

f  1.8830 

+  0.6 
—0.8 

—0.11 
+  0.H 

New] 

T.  B.M.96 129.39 

— L  037B 
—1.0364 

0.4    1  168.9986 

1 



'  -1.0370 

0.6    169.6404    

• 

Sonton  Bay. 

T  aM.9T 130.31 

+  0.64-J7 
,  4  0.6410 

i  0.  041K 

i».   J. 

*  Croflsine 
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Be$HlU  of  precise  leveling — Continued. 
KEOKUK.  IOWA.  TO  FULTON.  ILL.-^*oDiinaed. 


B«*ncb. 


• 

I 


B 
O 

O 


V. 


R. 


0 


I 


8 


<    JTm. 
T.  a  M.  96  and  08a,  132.22 


T.IL  11.99 1  183.87 


I 


T.&ll.lOO 134.64 


T.&M.101 '  136.46 


T.B.M.192 136.03 


N. 
S. 


M. 


Ifm.  :  JIffii.  )  MtH, 


—0.0956  —1.4  i    0.9  I :  160.5434 

--a  0984  +1.4 


JTm. 


Mean..!  — 0.0970 


CT  -  •  *  *  •  I 

S 


-f  1.1682  —0.4 
+1.1624    +0.4 


0.3  ; I  170.7062 


Mean..!  +1.1628 

f^== 

N 1  —0.5866   —0.6  '    0.4    170.1190 

S I  —0.5877    +0.5  ' 1 


Mean..)  —0.5872 


N. 
S. 


Moan. 


—4).  6478    +0.9       0.6 
—0.6460   —0.9  I 


169. 4721 


—0.6469 


N —0.2514  +2.0  1    0.6' 1169.2227 

B ;  —0.2470  —2.4  ; 

N —0.2493  —0.1    • ' 

8 —0.2501  +0.7    1 


T.B.M.103 136.18 


Mean..    —0.2404 


N. 


—0. 3069  —0. 5  I    0. 4 


S —0. 3080   -t  0. 6 

Mean..!  —0.3074 


168.9153 


T.B.M.I04 136.42  i  K 


+0.  Wn  — 0. 2  ,    0. 1  I 


168.9182 


S +0.0027    +0.2 

Mean..    +0.0029 


T.aM.106 1  136.96  '  N -«.0307?   .„  . 

1               I  8 +0.0290<+"* 

I  N -0.0212^     «  . 

S +0.0214^'~"-* 


0.3 


Mean..   — O.0OO4 


168.0178 


I 


T.aM.lM .13a60     N !  +2.1153   +4.0  ]    1.1  1 1171.0371 

'  I  8 '  +2.1231   -3.8  '  '  ' 


N I  +2.1188  +0.5 

S +2.1199  1—0.6 


Mean..'  +2.1193 


•U.&P.BlM-24=  188.62     S +1.2697    +0.1 

Maekensie  B.  NL  \ i  8 !  +1.2608  ,    0.0 

a. 

T.  B.M.I07 13&61     K 


0.0  I    7.7  '  172.3060   +0.6 

I  ■  ' 


172.3074 


Mean    i  +L2698 


8 i  —1.1232 

N 1  —1.1250 

8 1  — L1228 


—1.1292  i+4,2  I    1.0  j 169.9121 


Mean..    —1.1250 


—1.8  1. 

0.0    . 

—2.2  1. 


T.  a  M.  10i8  and  .  14L24     N ,  —0.6700  +0.4  j    0.2 


8 '  —0.6693  —0.3 

I  , 

Mean.. I  — 0.6696  > 


T.aiLlO^ lti.86  1  N '  +1.0217  ;— 0.1 

1  8 +1.0216  I    0.0 


ao 


Mean..:  +1.0216 


I 


P. 
P. 


P. 
P. 


P. 
P. 


t 

I 


P. 
P. 


F. 
F. 


J. 
J. 


P. 

J. 

p. 

J. 

p. 

'F. 

p. 

F. 

p. 

F. 

p. 

F. 

P. 
p. 


p. 
p. 


(*) 


p. 
p. 
p. 
p. 


169.2425 


P. 
P. 
P. 
P. 


P. 
P. 


F. 
F. 


J. 
J. 


J. 
J. 
F. 
F. 


J. 
J. 
J. 
J. 


J. 
F. 


J. 
J, 
F. 
F. 


F. 
F. 


) 


170. 2641 


P. 
P. 


I 


F. 
F. 


*  Rirer  croeeing. 
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ReBults  of  precise  leveling — Contiutied. 
KEOKUK,  IOWA,  TO  FULTON,  ILL.— Continiwd. 


Bench. 


9 
9 

I 


•H.W.Mark.lflgl, 
Port  Louisa, 
Iowa. 

T.B.M.110 


-♦-  ■ 


I 


g 

9> 


r. 


Km. 
141.86 


144.03 


8 ;  4-1.0336 


Mm.  { Mm. 


T.B.M.111. 


T.RH.112. 


T.B.M.lt3. 


T.  B.  M.  114  and 
114a. 


T.B.M.U5. 


N I  +0.3250  —2  0       LI 

S +0  3104  +2.7  1 

N ;  -f0.3218   +0.3  I 


R. 


a 
o 
V 


Mm.  I       M. 
171.8177 


170. 5862 


Moan..!  4-0.8221 


145.71  I  N I  4-0.3540 


—0.5       0.3    ;  170.9397 


S +0.3530  1+0.5 


Mean..    +0.3535 


146.30  I  N -^.3693  — L8 

'  S ■  —0.8629  I+L8 


L2 


..    170.5786 


Mean. 


146.98 


N. 


—0.3611 


+0.4048   -fO.l  ;    0.1    170.9835 


8 1  +0.4050  —0.1  ; 

Mean..'  +0.4049  ! 


147.81  1  N. 


148.80 


4-1.3335  — L6  '    LO 


172.  3155 


8 +L3306    +1.4 

Mean. 


I 


+1.  3320 


K 


4^.2448  1—3.2       LI 
+0.2398  ,4-L8    


172. 5571 


+0.2401 


Mean..'  4-0.2416 


T.B.M116. 


149. 82  ;  K 


—1. 0220 


S — L0231 


I    Mean..    — L0226 


T.B.M117. 


150.72    N +0.0247 

!8 1  +0.0225 


Mean..    +0.0236 


♦U.S.P.B.M.26.! 


-H.    W.    Mark,  ' 

June,  1880. 
^H.'Vr.  Mark,  1851 

*H.    W.    Mark, 

Oct,  188L 
T.B.M.118 


160.85    8 +0.4415 

N '    1-0.4434 


+  L6 


— 0.6  i    0.4  ' 17L5345 

+0.5  : 


—LI 
+L1 


0.7 


17L5581  !.... 


+0. 9  I    0.  6 
—1.0  ' 


8.1  I  172.0005   +0.5     172.0010 


P.    F. 


P. 
P.    F. 


!•«••• 


Mean..    +0.4424 


160.86    N +0.3606 


150.90  I  N +0.0010 


160.90    K —0.0157 


*U.aP.B.M26. 
T.RM119 


T.  B.  M.  120  and 
120a. 


15L65IN I  +1.5861  I  +  L9       L3  j. 

S '  +L5899  I— LO    ! 


171. 9187 

172. 0015 

I  17L9848 

173. 1461 


Mean..    +1.6880 


15L68  jN +0.1078 


152.95    K 
8. 


— L8469  —0.5 
— L8478    fO.4 


8.2  •  173.2539 
0.3  ! '  17L2987 


+0.6 


173.2544 


J. 
P. 


F. 

F. 

F. 

J. 
J. 

J. 


P.  i  J. 
P.:  J. 


P. 
P. 


Moan..;  — L8474 


154.62  IN 
8. 


Mean . 


4-0.9804  —0.6 
+0.9791    +0.7 

+0.9798  I 


0.4  ; '  173.2785 


P. 
P. 


F. 
F. 


REPORT   OF   THE   MISSISSIPPI    KIVER   COMMISSION. 


119 


Results  of  precUc  leveling — Coutiaued. 
KEOKUK,  IOWA,  TO  FULTON,  ILL.— Coutlnued. 


Bench. 


T.B.M.121. 


t 

I 

« 

s 


Km. 

155.27 


I 


°  a 


r. 


K. 


X 

s. 


I 
M.       '  Mm.    Mm.  \  Mm. 


Mean. 


—2  5495  1+1.0 
-2.5475  —1.0 


a 
o 


If. 

169.7300 


a 
o 

i 


A 
^ 


3 


a 


o 


Km. 


If. 


-2.5485 


T.aM.122 150.49 


T.  B.  M.123 157.79 


T.B.H.124 158.36 


N 

S 


+0.8871    -1-1.7 
-^O.H904  .— L6 


1.1    170.6188 


Mean..    +0.8888 


N 

S. 


+  2.0076       0.0  I     0.0 
+  2.0077    -0. 1  ; 


172.6264 


Mean..    +2.0070  . 


I 

0 


P. 
P. 


P. 
P. 


P. 
P. 


F. 
P. 


F. 
F. 


F. 
F. 


N 
S. 


+  0.18a    +0.2  I    0  1 


172. 8110 


+0. 1848 


Mean..    +0.1846 


T.  a  H.  125. 


150.31 


I 


N 

S. 


+0.0818 

+  0.0840   —LI 


—0.2 


+  1.1!     0.7  , 


Mean..!  +0.0829 


172, 8939 


P.  I  J. 
P.  '  J. 


P.     J. 

P.     J. 


•H.W.  M.,  Apr.  i 
21, 1870,2j  milea  ' 
heAow    Mnaca- 
tio^,  Iowa. 

•H.  W.  &!.,  Jane 
28,1880. 

•H.  W.  M.,  Oct, 
1881. 

T.RM.126    


T.  B.  H.  127  and 
127a. 


159.36  iN '  —6.3710 


159. 36 
159.86 
160.23 


N —0.1720 


N '  —0.1350 


• 


N 

S. 


—1.0263  ,+1.1       0.7 


'  — L0241  I— LI 


172.5229 

172.7219 

172.7589 

I 

i7L8oe7  :. 


J. 

J. 
J. 


160.86 


1. 


P.  !  J. 
P.     J. 


Mean..  I  — L0252 


K 
S. 


;  — 0.  iio.-»  —0.5 

,  —0.1116    +U.6 


0.4  ! I  17L7577 


1 


P. 
P. 


Meao..    —0.1110 


U.  S.  P.  B.  M.  27  .    161.08 


T.  B.  U.  128  and      163. 04 
138a. 


*  IL  W.  M.,  Jane,    163.10 
1880,MuscatiDo, , 
lova.  I 

•  H.  \y.  M.,  Oct.,     163. 10 
1881. 

T.B.M.129 164.06 


*U.aP.aM.2B.    164.08 


',P.aH.44.MAc-     164.12 
kenaie. 


N +2,0790  ,—0.1 

S +2.078«  1+0.1 


0. 1       8. 4  •  173, 8366  %  0.  5     173. 8371 


P. 
P. 


J. 
J. 


J. 
J. 


Mean . .     4  2. 07K9 


N ,  +1.3444  I— L2 

8 +L3419  1  +  1.3 


0.8    ......    173.1009 


P.     J. 
P.     J. 


Mean..    +1.343  2 


N —0.0277 


I 


N 


-0.  0027 


K +0.0176  — L6 

S +0.0144    +1.6 


173. 0732 


173. 0982 


LI  I 173.1169 


Moan..    +0  0160 


X +L1794 

S +L17B4 


0.0 
0.0 


0.0  I    8.5  <  174.2963    +0.5     174.2968  i 


Mean..    +L1794 


N +0.2029    +0.1 

S +0.2031  —0.1 


0. 1  I    8. 5  ,  173. 3199    +0. 5  I  173. 3204 


F. 
F. 


F. 

F. 


Moan..'  +0.2030 
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ReBults  of  precise  Jeveling — Contiuued. 
KEOKUK,  IOWA,  TO  FULTON,  ILL.— Continued. 


Bench. 


s 
I 


I 

p 


I 


V. 


R. 


•H.  W.Mark,  1881,' 
Port    Louisa, 
Iowa. 

T.B.M.I10 


Km. 
14L86 


144.08 


Jf. 
S :  +L0536 


^ffit.  i  Mtn-t 


N ,  +0.3250  —2  0       1.1 

S +0  3104  4-2.7  I 

N ;  +0.8218   +0.3  1 


% 

OS 
% 


Mm.         M. 
,  171.3177 


170.6862 


g 

8 


4 
« 


Mm. 


11 

o 
O 


M. 


i  I 


p. 


p. 
p. 
p. 


Mean.. I  4-0.3221 


J. 
J. 

J. 


T.B.M.111 145.71 


I 


N +0.3540 

S ;  +0.3530 


T.RM.112. 


—0.5 
+0.5 


0.3  i 170.8307 


Mean..    +0.8535 


146.30 


T.B.M.113. 


T.  B.  M.  114  and 
U4a. 


N — 0.36«3  —1.8 

S —0.3629  1+L8 


Mean. 


J 


146.08 


N. 
S. 


—0.3811 

"+0.4048  i-fO- 1 
+0.4050   —0.1 


Mean..;  +0.4049 


T.B.M.116. 


T.B.M.116 


147. 81 


148.80 


N ;  4-L3335  —1,5 

8 ,  +1.3306  1+1.4 


Mean..  I  +L3320 


S 


149.32 


+0. 2448  —3. 2 

+0. 2308  4-1. 8 

N. I  +0.2401  I+L6 

Mean..'  +^.2416  i 


N 
8. 


—1.0220  —0.0 
—1.0231    +0.5 




1.2 

i 

!  170.5786 

1 

1 

...... 

0.1 

1 
170.9835 

«>-••« 

■••««• 

1.0 

i 

i  172.3155 

1.1 

172.5571 

1 

" 

0.4 

...  

'  171.5345 

P.  I  J. 
p.  J. 


p. 
p. 


p. 
p. 


p. 
p. 


F. 
F. 


F. 
F. 


F. 
F. 


P.  !  F. 
P.  F. 
P.    F. 


Mean..'  — L0226 


T.B.M117 !  150.72    N ;  +0.0247  ,— L  1       0.7 


*U.8.P.B.M,25 


•H.    W.    Mark, 

Jnne,  1880. 
*H.  W.Mark,  1851 

*H.   W.    Mark, 

Oot.,  188L 
T.B.M.118 


8. 


Mean. 


I  +6i0225  !+].l 
i  +0.0236 


171. 5581 


P. 
P. 


P. 
P. 


F. 
F. 


J. 
J. 


*U.aP.B.M 
T.B.M.119.... 


T.  B.  M.  lao  and 

120a. 


150.85 

I 

160.85 
160.90 
150.90 
151.65 

161.68 
152.95 

154.62  I 


8 +0.4415   +0.9 

N +0.4434  ;— 1.0 


0. 6  I    8. 1     172. 0005   +0. 5     172. 0010 


Mean..    +0.4424 


N !  +0.3606 


N I  +0.0010 


K :  —0.0157 


N I  +1.6861  I  +  L9 

8 '  +1.5899  1—1.9 


1.3 


I 


171. 9187 
172. 0015  ' 
17L0848 
173. 1461 


Mean..    +1.5880 


K +0.1078 


8. 


— L8460  !— 0.5  !    0.8  \. 
— L8478  +0.4 


&  2  I  173. 2589 
'  171.2987 


Mean.. 


8. 


Mean.. 


—1.8474 


+0.9804  '—0.6 
+0.9791  1+0.7 

+0.9798 


0.4    1  172.2785 
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RmuUs  of  precise  leveling— ContiuuBd, 
KEOKUK,  IOWA,  TO  FULTON,  ILL— Coutlnued. 


Bench. 


t 


a 

64 


V. 


r. 


K. 


d 

o 

> 


a 

:  ^ 

I        4) 


8 


i 


I 


o 


T.RM.121. 


JETm. 


M.       I  Ifm.    JLTm.  •  Mn^. 


166.27  !  N —2  54»."S  1  +  1.0       0.7  ' 

1  S -2.5476  —1.0  i 


169. 7300 


JzOT. 


Mean..;  —2.6485 


T.BwlL122. 


156.49,  N -1-0.8871    -|-L7  '    1.1    170.6188 

S +0.8904  i—L6  , 


Mean..    +0.8888 


T.  &  U.  123. 


157.79;N +2.0076       0.0  I    0.0 

S +2.0077  ,—0.1  -     .. 


172.6264 


I 

0 


P. 

P. 


P. 
P. 


P. 
P. 


Me«o..    -+2.0076 


i 


V. 

p. 


p. 


F. 
F. 


T.  an.  124 


168.36  I  K i  +0.1844    +0.2 

!S j  +0.1848  1—0.2 

'     Mean..  I  +0.1846 


0  I    172.8110    1 ,  P.  I  J. 


T.  aM.125 i  159.31  IN +-0.0818  1+1.1  j    0.7 


iS I  +0.0840  i— 1.1 

1 

Mean. .    +-0. 0829 


»H.W.  M.,  Apr. 

21,1970,2Jmilefl 

bcdow     Mnwsa^ 

tine,  Iowa. 
•H.  W.  M.,  June 

26,1880. 
•H.W.  M.,  Oct., 

11»1. 
T.  RM.  126    


T.  B.  M.  127  and 
127a. 


U.8.P.B.M.27 


159.36 

159.36 
159.86 
160.23 


N 


—0. 3710 


172,  8939 


P.     J. 


P.     J. 
P.     J. 


N I  —0.1720 


N 


.1 


■t \ 


—0.1350 


,.l 


N 1  —1.0263    +1.1 

S !  — L0241  I— LI 


0.7 


Mean..    —1.0252 


172. 6229 
172.7219 

i 

172.7589  I 
17L8687  I 


J. 


J. 


160.86    N I  -0.110.-  i-0.6  '    0.4  | I  17L7577 

is I  —0.1116  1+0.6  i I 


Mean..   —0.1110 


161.08  jN +2.0790   —6.1  i    0. 1  i    8.4     173,8366  r+0.6  '  173.8371 

+0.1 ; 1 1 1 


T.  a  M.  128  and     163. 04 


*aw.M.,  JnniM 

163.10 

188Q,Maacatine, 

lawa.                  1 

•aw.  M.,Oct.,  1 

163.10 

18BL 

T.aM.129 

164.06 

I7.&P.aM.28.    164.08 


'^.aiL44,Hac- 
kesaie. 


164.12 


S +2,0788 

Mean 


+  2.0789 


N !  +1.3444   —1.2       0.8  ' ;  173,1009 

S +L3419    +1.3  ; i 


Mean..'  +1.3432 


P.    J. 
P.  i  J. 

P.    J. 
P.    J. 

P.    J. 
P.    J. 

i 

P.  '  J. 
P.  i  J. 


N 


N 


— O.0277 i 173.0732 


-0.0027  I ; ,  173.0982 


N +0.0176  — L6       LI  ! ,  173.1169 

S +0.0144    +L6  ' 


J. 


■    J. 


Mean...  +0  0160 


N +L179^  I    0.0 

S +L1794  ,    0.0 


0.0 


Mean..'  +L1794 


N +0.2029    +0.1 

a 1  +0.2031  1—0.1 


0.1 


8.5  '  174.2963   +0.5  |  174.2968 


P.     F. 
P.     F. 


P. 
P. 


8. 5  ,  173. 3199   +0. 6 


178. 3204 


P. 

P. 


Mean.  J  +0.2030 
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JtentlU  of  precise  lereling-^Vontinnad. 
KfiOKUK,  IOWA,  TO  PULTON,  ILL.-Continaed. 


Beuch. 

i 

Direction. 

Difference  of  ele- 
vation. 

V. 
Mm. 

—0.1 

i                        1 

• 

I          ^ 

1                w 

c 

o 

Corrected  eleva- 
tion. 

Support.               i 
Observer. 

*16tt.  mark  in  well 

Km. 
164.15 

N 

8 

Mean.. 

—0.6287 

Mm. 

0.1 

Mm. ;       M. 

1  172.  flail 

Mm.  !       M. 

V. 

of  wat  er  works, 

—0.6290   -4-0.2 

1           1 

F. 

MuBCAtine,  Io- 
wa. 

I  ■ 

1 

' 

1  ' " " 

1 

—0.6288 

0.2  ! 

173. 1043 

*  H.  W.  M.,  Oct. 

164.14 

N 

—0.0129 
—0.0122 

+0.8 
—0.4 

F. 

1881,  Muscatine, 
Iowa. 

8 

1 

Mean.. 

.... 

F, 

1 

1 

174.4344 

i 

—0. 0126 

1 

:        1 

1 

P. 
P. 

tr.ap.B.  M.20... 

164.85 

N 

R 

-^1.8178 
+1.3172 

-0.8 
+0.8 

+0.2 
—0.3 

+2.5 
—2.6 

1 

0.2 

'    S.6 

+0. 5     174, 4349 
1 

F. 
F. 

1 
0.2 

173.5362 

1 

i                  Mean.. 

+1.8175 

T.  B.  M.  180  and  '  16S.  44 

N 

8 

Mean.. 

N 

S 

Mean.. 

N 

8 

Mean.. 

N....... 

N 

S 

Mean . . 

N 

S 

Mean.. 

f- 

o. ..  .... 

—0.8984 
-0.8979 

P. 
P. 

F 

laOff. 

\ 

F. 

1 
1.7 

1 

178.5086 

—0.8982 

T.  B.  M.  181  and  :  166.  M 

+0. 0599 
+0.0650 

p. 

F 

181a. 

P.  !  F. 

168.84 

169.47 
17a  10 

171  58 

;                 1 

+0.0624 

0.4 

173.8820 

I 

T.  B.  M.  182  and 

+0.2340 

—0.6 

P. 
P. 

J. 

132«. 

+0.2328 

1-0.6 

J 

•••••« 

a? 

174. 7930 
175.8728 

+0.5 

174. 7935 

+0.2334 

1 
* 

*  U  S.  P.  B.  M.  80  . 

+0. 9610 

P.    J- 

—1.8 
+  1.7 

1.2 

P. 
P. 

T.  B.  M.  183  and 

138a. 

+1.5424 
+1.5389 

J. 
J. 

1.0 

■ 

+1.5406 

T.  B.  M.  134  and 

+0.3503 
+0.8534 

+1.6 
—1.6 

175. 7244 

P.     F. 

134a.                     1 

1 

P.    F. 

0.2 

8.8 

174.5542 

+0.5 

174  5547 

1     • 

172. 6» 

+0. 8518 

1 

D.S.P.B.M.31  .. 

—1. 1705 
—1.1699 

+0.3 
—0.3 

P.,  F. 
P.     F 

1 
Mean  . 

+1. 1702 

1 

T.  B.M.135 

178.66 

N 

ft  

+1.3195 

— O.fi 

0. 5    

175.  8729 

t 

P.  !  F. 

1 

+1.3179    -4-0-8  I 



P.    F. 

" ! 

•          1 

8.8 



1 

1 

Mean.. 

1 

+  1.3187 

, 

*  U.  S.  P.  B.  M.  32  -t  178. 68 

N 

+  1.3146 

177.1875    +0,6 

177.1881    1  J. 

—1.3 
+  1.2 

— n.  7  1 

0.8 

i 

1 

T.B.  M136 '  174.15 

Mean.. 

N 

S 

Mean 
1 

N 

S 1 

Mean.. 

N 

s 

+0.3607  i 
+0. 3582  1 



176.2323  ,  

1 

1 

P.     F. 
P.    F. 

1 

1 

1 

+0. 3594 

■ 
1 

1            ;       i 

1 
1 

T.  B.  M.  137  and 

175.60 

+  0.4745  ; 

0.4     

177- 7MI 

1 
.........  1 

P.'  J. 

P.     .T. 

137a. 

176.72 
176.96 

+1.4782  i-J-O  B 

1 

t 

+1. 4788 

.  —  1 

1 

1                              ' 

1 

1 
■' 1 

1 

P. 
P. 

T.  B.  M.  138  and 

138a. 

—0.5076 
-O.5070 

+0.8 
—0.3 

+0.7 
—0.0 

1 

0.3    

.....i...... 

177.1988    

J. 
.T 

1 
0. 4       8. 0 

* 

t 

—0.5073 

1 

1        1 

•U.S.P.B.iL88. 

—1. 8189 
—1.8006 

175.3886   +0.5 

1 

175.3891  1 

P. 
P. 

F. 
F. 

1 

1 

1 

1             '    Mean.. 

—1. 8102 

1 

1 
1 

1 
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Rsaults  of  precUe  leveling — Continaed. 
KEOKUK,  IOWA.  TO  FULTON,  ILL.— Continued. 


I 
P(>nch.           ' 

•P.B.M.43^Hac< 

kenxie. 
•Mackensie^B.M., 

on    Blm   Tree, 

8          1 
5         1 

177.24    N 

1 

177.36  'N 

8 

1 

Mean.. 
178.21  >  N 

IS 

Mean.. 

179.59     N 

8 

« 

1?  . 

to 

if. 

— L  0170 

r -. 

—3.8821 
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■  •  •  • 

+  L3 
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0.9 

K. 
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§ 

M. 
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173.8380 

I 
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+0.6 

+0.5 

1 
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1 

F. 
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F. 

S 

1 

J. 
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J. 
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1 
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1 

1 

T.  B.  M.  139  and 
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0.2  ! 
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F. 
F. 

J. 

139«. 

_0. 8622  ' 0  3 

1 1 

J. 

-^  R 

1 

0.5    ;  177.0061 
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.....  .»••• 

-^.8625 

1 

T.  B.  M.  140  and 

+0.6706 

F. 
F. 

F. 

140«. 

-4-0  6690    -^0  K 

F. 

4  !.*> 

1 

Mean.. 
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\ 

! 

T.  B.  M.  141  and 
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181.31 
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N 

S 
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K 

S 

Mean.. 

N 

s -. 
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0.8    

17S.A121 

F.    F. 
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—1.3028  — l-*J 
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F.     F. 

4-0.5 
-0.6 

0. 3  '    8. 9  1  176. 0993 

+0.6 

1 

• 
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1        1 
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F. 
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J. 
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I 
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+0.3 
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F. 

J. 

J. 
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« 
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N 

S 

N 
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+1.2350 

1 
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F. 
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t 
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V     «     •    4 

F. 
F. 

t 
1.2    ;  177.6679 

1 

i 
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F. 
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—0.1 
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Results  of  precise  leveling — Con  tinned. 
KBOKUK,  IOWA,  TO  FULTON,  ILL.— ContinaMl. 


Beuch. 


M6  a.  mark  in  well 
of'water  works, 
Muscatine,  Io- 
wa. 

•  H.  W.  M.,  Oct., 

1881,Ma8catine, 
Iowa. 


tr.  R.  P.  B.  M.  29 


T.  B.  M.  180  and 
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T.  B.  M.  131  and 
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T.  B.  M.  132  and 
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T.  B.  M.  133  and 
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N 
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S. 


+  1.6389  I  +  L7 


+L5406 
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T.  B.  M  137  and 
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M. 
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178.5862 


1.7 


0.4 


L2 
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0.2 
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0.5 


+0.6 
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P. 
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P. 
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P. 
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p. 
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J. 
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p. 
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F. 
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p. 

F. 
F. 

p. 

p. 

F. 

F. 

,    8.8  i  177.1875   +0.6 


0.8 


176.2323 


0.4     177.7061 


0.2    ;  177.1988  .... 


177. 1881 


.  • . .  u  • 

P.  ,  F. 
P.    F. 


P.  '  J. 
P.  '  J. 


P. 
P. 


J. 
J. 
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Results  of  precise  leveling — Continaed. 
KEOKUK,  IOWA.  TO  FULTON,  ILL.--Gontfaia6d. 


I{<<>iich. 


9 


r. 


R. 


I    Em, 
P.B.M.43vMac-  .  177.24 

kenrie. 
MackeDs{«,B.M.,    177. 3Q 

OD    Elm   Tree, 

Fairport,  Iowa. ' 


T.  B.  H.  139  Mid  j  17&  21 
13S». 


T.  B.  M.  140  and  !  170.  59 
140a.  I 


i 

X 


i       M.       I  Mm. 
N i  —1.0170  I     ... 


a 

9 
15 

cs 


s 


N 

8 


Mean 


N 

8 


— 3.8021    +1.3 
—3. 8504  l—l.  4 


Mm. 
0.9 


—3.8608 


—0.8628    +0.3 
—0.8622  —0.3 


Mean  . . '  — 0. 8625 


N i  +0.6706  —0.8 

8 j  +0.6600    +0.8 

Mean.. I  +0.6698 


T.  B.  M.  141  and 
141a. 


U.  S.  P.  B.  M.  34. 


T.  B.  H.  U2  and 
143a. 


T.  B.  M.  143  and 
14aa. 


180.65 


181.31 


N. 
8  . 


—1.3052    i  1.2 
i  -1.3028  ,—1.2 


Mean.r   —1.8940 


N —0.5133    +0.5 

8 i  -0.5123   —0.5 


Mean..!  —0.5128 


Mean..!  +1.2350 


183.18 


K +0.2463    -f3.8 

8 1  +0.2527  —2.6 

N ;  +0.2512  1-1.1 

8 1  +0.2601  j    0.0 


Mean..!  +0.2501 


T.  B.  M.  144  and     184. 82 
I44a. 


N  *  +1.8869  !  +  4.0 

8 +1.8922  i— 1.3 

N I  +1.8918  1—0.9 

8 '  +1.8927  —1.8 

N I  +1.8909  ,    0.0 


Mean...  +1.6009 


T.  R  M.  145. 


189l01 


N '  —0.2702       0.0 

8 :  —0.2701   —0.1 

Mean 


T.S  P.  B.M.36..I  185.18 


T  B  M.  146 1  186.07 


U.S.P.  R.  M.35A..  186i95 


—0. 2702 


N ,  +0.0030  H0.4 

S    +0.0057  1-0.3 


Mean..  I  +0.0054 


N. 
8 


.,  —0.6355  —1.7 
'  — ^.6300    +1.8 


Mean..!  —0.6372 


N. 
8  . 


Mean. 


—1.6454    +0.2 
—1.6451  —0.1 


T.  B  M.  147  and 
I47fl. 


187.43  .  K 


—1.6452 


Mm. 

8.9 


M. 

176. 1818 


Mm, 

+0.6 


e5 


jr. 

176.1824 


I 

0 
00 


F. 


s 


0.3;    8.9  i  175.0993  1+0.5     17&0998 


181.98  iN +1.2352  1—0.2!    0.2 

I  8 .1  +1.2347  !+0.3  I 


176. 3343 


0.9    !  176.6844 


0.7 


17&  4753 


0.0 


178. 2051 


0.2       9.0  i  17&2105  1+0.6  i  17&2111 


1.2    :  177,6679 


0.1   9.1  175.9227  +0.6  175.9233 


+0.2814+0.7       0.5   ;  176.2048 


8 1  +0.2828  '—0.7 

Mean..    +0.2821  ; 


F. 
F. 


F. 
F. 


F. 
F. 
F. 
F. 


F. 
F. 
F. 
F. 
F. 


F. 
F. 


F. 


J. 
J. 


J. 
J. 


J. 
J. 
J. 
J. 


F. 
F. 
F. 
F. 
F. 


F. 
F. 


F. 
F. 


F. 


F.    F. 


F. 
F. 


F. 
F. 


J. 
J. 


jr. 

J. 
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RetulUi  of  prcoige  leveling — Coutinued. 
KBOKUK,  IOWA,  TO  FULTON,  ILL.-Contlnae«l. 


Bench. 

i 

1 

Direction. 

Difference  of  ele> 
vation. 

V. 

r. 

R. 

. 
ss 

o 

• 

§ 
o 

o 
Mm. 

• 

ee 

% 

o 
O 

M. 

^         Support 

Obnerver. 

T.  B.  M.  148  and 

Km. 

188.12 

N 

J/.       '  Mm. 
+2.21*01   —1.5 
4-2.2830  ,4-1.4 

Mm.    Mm. 
1.0  : 

......i..... 

M. 

178. 4864 

J. 

148a. 

R 



F.  i  J. 

1 

Mean.. 

188.86     N 

S 

1 

—0.2 
+0.2 

1 



• 

+  2.2816 

1              \ 



F. 
F. 

T.  B.  M.  149  and 
I49a. 

+0.2240 
+0.  2236 

0.1 

178.7102 

F. 
F. 

... . . 

—  • : 

Mean.. 

+  0.2238 

1 

1 
1 

F. 
F. 

T.  B.  M.  150  and 

190.18 
190.69 
192.10 
192.43 

N 

S 

Mean.. 

N 

8 

Mean . . 

N 

S 

Mean .. 
N 

+  1.19.52 
+  1.1951 

0.0 
+0.1 

0.0  ; !  179.9054 

1 

F. 

160a. 

F. 

+  1.  1952 

1 
1 

T.  B.  M.  151  and 

>-«.6553 

+  0.3 

0.2    

1 

179. 2504 

F. 
F. 

.r 

161a. 

—0. 6546 

—0.4 

—0.6 
+0.7 

—0.1 



/. 

J. 

—0.6550 

1 

T.  B.  M.  152  and 
152a 

—3. 4540 
—3.4553 

0.4 ; ." 

1 

175.7958 

F. 

J. 

J. 

, 

! 
0. 1    

1 

—3. 4546 

T.B.M.163 

—0. 0522 

17!L  713.f( 

F.  '  F. 

S 

—0. 0524 

+  0.1 

i            1 

F. 

F. 

Mean.. 

—0. 0523 

4.9   .»> 

0.6 
**    —   - 

1 

T.B.M.154 

193.93 

193. 12 
193.49 
194.45 

194.52 
195.10 
196.06 

N 

s 

N 

S 

Mean.. 

N 

S 

Mean . . 

N 

S 

Mean .. 

N 

S 

N 

S 

Mean.. 

N 

S 

Mean.. 

K 

S 

Mean.. 
K 

+0. 1140 

175. 8600 

F. 
F. 
F. 
F. 

F. 

+  0.1182   —1-7 

F. 

+0. 1162 

+0.3 

■ 

F. 

+-0. 1177 

r'-2 

0.0 
+0.1 

...... 

F. 

0.0 

9.2 

178. 4006 

+  0.1165 

1 

•U.aP.B.M.36.. 

+-2. 5400 
+2.  5399 

178.4000   +0.6 

F.  '  J. 
F.    J. 

0.1 

1 

-f-2.5400 

1                   • 
1 

' 

T,  B.  M,  166  and 

+  0.0378 

-K>.  2 

176.8980 

F.     F. 

165a. 

+0.0381   — «-l 

F.     F. 

176.4332 

+0. 0380 

1 

. 

1.0    

1 

T.B.M.156 

+0.5818 

a..T4 

F.     J. 

+0.5379   —2.7 
-+0.5372  1—2.0 
-1-0.6341    +1-1 

F.  1  J. 

1 

F.  '  J. 

F.  1  J. 

1 

179. 4669 

+0. 5352 

1 

1 

♦U.aP.B.M.87.. 

+3. 0326 
+3.0333 

+0.4 
—0.3 

0. 2  i    0. 2 

170.4862   +0.7 


... 

F. 

F. 

; 

+8.0330 

■ 

0.7    



i 

1 

T.  B.  M.  157  and 

+0. 6062 
+  0.6083 

+  1.0 
—1.1 

177. 0404 

F.    J. 

157a. 

F.    J. 

1 

T.BwM.lSd 

+0. 6072 
-f  0. 9624 

4.1-3 

0.0 

1 
i  178.0041 

F. 
F. 

F 

'  S 1 

'    Mean.. 

- -0.0650  >— 1.3 

' 

F. 

+  0.9637 

^ 

1 
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Results  of  precise  leveling — Continued. 
KEOKUK,  IOWA.  TO  FULTON,  ILL.— Continued. 


Bench. 

Distance. 

• 

1 

o 

N 

S 

N 

s 

Mean.. 

N 

S 

N 

S 

Mean.. 

N 

s 

Mean .. 

N 

S 

N 

S 

Mean.. 

N 

S 

Mean.. 

N 

S 

Mean . . 

N 

S 

Mean . . 

N 

S 

N 

8 

Mean.. 

N 

S 

Mean.. 

N 

S 

Mean.. 

N 

8    

Mean.. 

N 

8 

Mean . . 

N 

R 

Mean.. 

• 

i 

+  0.2235 

V. 

ifm. 

J.1   7 

r.     :    R. 

1 

Mm.    Mm. 

0.5    

1 

1 

M. 

178.2293 

Rod  correction. 

* 

Corrected  eleva- 
tion. 

Support. 

1 

i    Km. 
T.  B.  M.  150  and  1  196. 69 

Mm, 

if. 

F. 

F. 

ISta. 

+a.  2268  1—1. 6 
+0.2259  —0  7 
+  0.2248    -*-0. 4 

F.  1  F. 

1 

1 

F. 
F. 

F. 

1 
«*•«•*•«.«.. 

^^^^^        1 ...-.  ... 

F. 

1 

t 

; 
1 

0.4     

179. 2944 

1 

F. 

F. 

' 

+-0.2252 



T.  B.  M  160  and  '  19&  93 

+  1.0038 

-H.3 

F. 

160a. 

+1.0664  1—1.3 
+-1.0650  1+0.1 
+  1.1*652  '—0-1 

••■«•* 

...... 

F. 

...a.... 

F.  .  F. 
F.  •  J. 

1 

—1.8 
+1.7 

—4.2 

L2 

1 

1 

+  1.0651 

T.  B.  M.  161  and 
161a. 

108.83 

—0.2018 
—0.2963 



—0.2936 

179.0008 

■ 

.... 

1 

F.  '  J. 
F.  .  J. 

1.1 

F. 

T.B.M.162 '  199.46 

—2,3*250 

17ff  lt71A 



J. 

1 

—2.3325    4-3.3 
—2.3200  —0-2 

....  1 1 

P.    J. 

1 

1 

F 

J. 

1 

1 

—2.3303 

+1.1 

......|...... 

•"•••••••• 

-..:  :::::::::: 

1 

F. 

F. 
I*. 

J, 

—2. 8202 

1 

1 

T.  B.  M.  163  and     200. 48 

+0. 2768 

—2.2 

1.5 

17fl.04fin 

nJ. 

16te. 

+  0.2721  '4.2.JJ 

1 

i_.  

J. 

4.1.2 

i 

+  0.2744 

r                               '             ' 
II' 
1                   ■                                                   '                                1          " 

T.aMl64 '  201.66 

+  1. 3:^40 

0.8  , 178.2812 

1 

F.  i  F. 
F.     F. 

+  L3365   —1-3 



1 

-0.2 
+  0.2 

— '>-0 

, 

i 
1 

+1.8352 

1 
1 

T.&M.  165 

202.88 

—1. 6418 
—1. 6422 

—1.6420 

0.1    i7fl.«afi2 



F. 
F. 

F. 

......1  .«... 

i 

0.9  , 

176.9266 

i " 

1 

1 

F. 

T.  B.  M.  166  and  ',  204. 15 

+0.  2903 

F.  !  F. 

I6ta.                   1 

+  0.2^39  1  +  3.5 
+  0.2876   —0.2 
+0.2878   —0.4 

_ 

F. 
F 
F. 

F. 

1  ' " " "          [ 

.......... 

F. 

......).... ..| ......... . 

1 

F. 

...                  ... 

+0.2874 

177.3374 

T.  B.  M.  168  and  '  205. 70 

+0.4104 
+0.4112 

+  0.4 
+0.4 

+  0.1 
—0.2 

0.3 

1 

F. 
F. 

J. 

168*. 



...■•.  .......... 

.T. 

: 

1 

205.77 

+0.4108 

1 

1 

•U.8wP.RM.38.. 

fLOOOO 
^L6912 

0. 1  {    9. 7  •  179. 0284 
... 1 

+0.7 

179.0291 

'  *  *  * 

F. 
F. 

—0.1 

i 

1 
0.1  : 178.0140 

V. 

+  L69I0 

T.  B.  M.  170  and     206. 78 

+0.6767 

J. 

170  «. 

+0. 6764  '  4.0. 2 

F. 

.T. 

208.17 

+0.6766 

■ 
—0.8 

1 

I 
0.6    170.8124 

T.  B.  M.  171  and 

+  1.7992 

F.     F. 

nxa. 

+1.7976 

+0.8 

F.     F. 

' 

t 

• 

+  L7984 

T.  B.  M.  172  and 

ITlo. 

208.09 

+  L0681 
+L0676 

+1.0678 

-0.3 
+0.2 

0.2  : 180.8802 

1 

•••••• 

•*•••**•** 

F. 

F. 

F. 
F. 

... 

1 

1 
i 
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Betiulh  of  precise  levtling — ContiDned. 
KEOKUK.  IOWA,  TO  FULTON.  ILL.— Continued. 


Bench. 


9 


§ 


Km. 
*T7.&P.  B.1I.30..I  209.02 


T.B.M.178 200.68^ 


if. 


r. 


N —0.0061 

S !  —0.0059 


Mm. 
+0.1 
—0.1 


2£in. 
0.1 


*Zero  of  amge  at 
Kook  iBland 
Bridge. 

*U.aP.B.M.40.. 


*Aetronomioal 
post,  Rook  Ib- 
land. 


*H.W.,1880 

T.B.M.176 


209.96 


209.80 


210. 07 


♦U.S. P.  RM. 41..    211.86 


209.96 
211. 52 


Mean.. 


N. 
S. 


—0.0060 


—1.4307  -0.5 
-L4407  '+0.5 


0.3 


Mean..f  —1.4402  i 


N. 


N. 
S  . 


K. 


6 
O 

1 


<        .2 
I.      ."._ 

Mm.  I       M. 
9.7  :  180.8742 


1 


179. 4400 


—a  0815 


+2.6728 


Mean. 


N. 
S. 


Mean. 


+2.6785  ,—0.3 


+0.4       0.2 


+2.6732 


—0.4391    +0.1 
—0. 4388  ;— 0. 2 


0.1 


g 


8 


Mm. 

+0.7 


> 

9 


J 


if. 

180.8749 


—0.4390 


N. 


N. 
S. 


Mean. 


—2. 4233 


+0.6892 
+0.6866 


+  0.6879 


—1.3 
+1.8 


S. 


Mean 


+3.1766  I    0.0 
+3. 1767  i— 0. 1 


0.9 


0.0 


43.1766 


T.  B.  M.  176  and 
176a. 


T.B.M.177. 


*U.8.P.B.M.42. 


X.  B.  XL.  178 . . . . . 


T.B.M.170. 


213. 51 


214.36 


214. 55 


215. 16 


N, 
S 


+1.5206  ;    0.0 
+L6207   —0.1 


Moan 


+L  5206 


N. 

S 


Mean. 


—1.8763  j+L9 
— L  3726  1—1. 8 


—1.8744 

■  i 

—0.7084  !— O.C 
8 1  —0.7046  i  +  0.6 


0.0 


1.2 


N. 


Mean 


N. 
S 


—0.7040 


+0.5246    +0.4 
+0.5253  i— 0.3 


Mean..!  +0.5250 


0.4 


0.2 


216.22     N i  +0.1589  i+LO 

,  S +0.1621  .—1.6 


T.B.M.180. 


I 


I.l 


Mean..!  +0.1605 


217.28  i  N ..!  +0.3918  —2.0 

I  S i  +0.3879  +1.0 


I 


T.  B.  M.  181 


Mean..;  +0.3898  i 


218.27 


S 


I  —1.4885   -0.1 
—1.4886       0.0 


1.3 


0.0 


Mean..    -1.4886 


9.7 


171.4085 


182.1182 


179. 0010 


177. 0167 
180. 1279 


9.7 


183.8045 


181. 6485 


+0.7 


+0.7 


182. 1139 


179.0017 


+0.8 


180. 2741 


9. 8     179. 5701 


180. 7991 


+0.7 


183.8053 


179. 5708 


180.9596  1 


181. 3494 


179. 8608 


t 

s. 

p. 

& 


p. 
p. 


F. 
F. 


P. 
F. 


F. 
F. 


F. 
F. 


F. 
F. 


F. 
F. 


I 


F. 

F. 


J. 
J. 


J. 


J. 
J. 


J. 
J. 


J. 

J. 
J. 


F. 

J. 


F. 
F. 


F. 
F. 


F. 

F. 


F. 

F. 


J. 
J. 


J. 
J. 


P.  I  J. 
P.    J. 
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Result*  cf  prwuie  leveling — ContiiiQed. 
KEOKUK,  IOWA,  TO  FtJLTON,  ILL.—Continued. 


i    i 


B«noh. 


T.  R.  ML  182 


T.  a  M.  183. 


S 

sr      1 


a 

3 


g 


Km. 
219.27 


I 


220.17 


T.  &  K.  184  and 
184«. 


221.45 


T.B.M.185 i  222.34 


S. 


Mean 


N. 
S. 
N. 

S 

N. 
S 


9    . 

«  a 


V. 


r. 


( 


M. 

+1.2212 
+1.2108 


Mm, 
—0.7 
+0.7 


+  1.2205 


Mean. 


N. 
S 


+0.8765 
+0. 8701 
+0. 8815 
+0.8847 
+0. 8813 
+0.8808 


+0.8807 


—1. 8218 
<~1. 6160 

—1.6142 

S :  —1.6179 


Me«jQ..    — L6177 


N, 
S 


Mean.. 


Mfn. 
0.5 


+4.2 
+1.3 
—0.8 
—4.0 
-0.6 
—0.1 


+4.1 
—0.8 
—3.6 
+0.2 


—1.8258  —0.7 


-L3272 


—1.3265 


+0.7 


T.  &  M.  188  and 
166a. 


*U.S.P.BwM.43. 


223..  17  : 

I 


223.28 


N 

S 


—0.2976  '+0.2 
— *.2973   —0.1 


T.&M.  187 •  224.40 


Mean 


N 

S 


Mean 


-^».2974 


+2.7073 
+2.7072 


+2. 7072 


T.  B.  M-  188  and 
188a. 


■U.SlKRM.44. 


T.  B.  M.  189  and 

lOa. 


*r.S.P.B.  >L4r,. 
H.    W..  Jnuo, 
IfflD. 


T.  Ji.  M.  190  and 

1M«. 


T  K.  M.  lut   and 

ttl«. 


225.12 


N +2.3087 

S I  +2.3081 

Mean..    +2.3084 


N. 
8 


+  1.3826  —1.0 


+  L3806 


Moan.. 


325.93     N 


+1. 8816 


—0.5884 


—0,1 
0.0 


—0.3 
+0.3 


fl.O 


—0.8 


r^5.98 


8 ;  +0.5869  ifO.? 

Mean..'  +0.5876 


N 

S 


226.51 


Mean 


N. 


+0.1500   —1.0 
+0.1571    +0.9 


+  0.1580 


R. 


Mtn. 


M. 

181.0818 


0.7  ; 181.9620 


1.1 


0.5 


o 

S 


9 


13 


JS€m. 


180.3443 


o 


179.  0178 


I 


0.1 


0.0 


10.1 


178.  7204 


181. 4276 


0.2 


181.0288 


+0.7 


181. 4288 


0.7 


182.4104 


0. 5     19. 1     182. 9980    +0. 8  j  182. 9988 


0.6 


182.  5684 


-2.6251   —0.3       y.2  •  10.1 


8 i  —2.6257    +0.3 

Mean..'  —2.6254 
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Rnults  of  precise  leveling — Continued. 
EBOKUK.  IOWA,  TO  FULTON,  ILL.— Continned. 


Bencb. 

J.. 

Km, 

23U.87 

232.47 

232.66 

233. 21 

234.07 

234.24 

235.46 

?35. 47 
235.52 
235.66 
235.62 
23&62 
28a  84 

• 

239.71 

241.35 
242.60 

• 

1 

5 

• 

'3 

5 

V. 

r. 

Mm. 
0.7 

Mm. 

• 

a 

o 

> 
« 

M. 

183.8889 

1 
Bod  correction. 

1 

9 

¥ 

o 
jr. 

1 

P. 
P. 

P. 
P. 

P. 
P. 

P. 
P. 

t 
O 

T.  B.  M.  192  and 
192a. 

N 

S 

Mean 
N 

s 

Mean.. 

N 

S 

Mean.. 

N 

S 

Mean . . 

N 

S 

Mean.. 

N 

S 

Mean.. 

N 

8 

Mean.. 

N 

N 

N 

N 

N 

N 

S 

Mean.. 

r:::;:;: 

N 

S 

N 

8 

Mean.. 

N 

S 

Mean.. 

N 

S 

Mean., 

M. 

+0.0760 
+0.  0729 

Mm. 
-LO 
+  1.1 

+0.9 
—0.9 

Mm. 

J, 
J, 

184.8431 

-f  0. 0740 

0.6 

T.B.M.192A 

+  1.54)33 
+  1.6051 

F. 
F. 

+0.5 
—0.5 

0.8 

10.4 

18L8408 

+  0.8 

181.8416 

+  1.5042 

•IT.S.P.B.M.46 

—3.  0028 
— 3.0UL8 

J. 
J. 

-1-0.8 

0.5 

184. 3311 

—3. 0023 

T.  B.  M.  108  and 

—0.  512S 

F, 

li)3a. 

— 0.5U3  '—0.7 

F. 

-1.4 
+  L4 

0.9 

182.  9428 

—0.  5120 

,, 

P. 
P. 

•  •  ■  • 

T.B.M.194 

—1. 3869 
—1.3897 

J. 
J 

0.0 
0.0 

0.0 

10.4 

182.9605 

+0.8 

182.9673 

—1.3883 

*U.S,P.B.M.47.. 

+  0.0077 
+  0.0077 

J. 
J, 

0.0 

183. 0416 

P. 
P. 

+0.0077 

0.0 
—0.1 

T.B.M,195 

+0.0988 
+  0. 01«89 

J. 
J 

10.4 

183.4013 
182.6734 
IHH.  2033 

+0.0988 

*U.  &P.B.M.48.. 

+0. 3580 

183.4005    -4-0.  R 

J. 

i.__._. 

182.5726 
185.2025 
182.1698 
18L9820 
185.5208 

I8a64«4 

+  0.8 

-fO.8 

•P.  B.  M.  40,  Mac 

keuKie. 
•U.S.P.B.M.49.. 

—0.4690 

J. 

+2. 1609 

10.4 

F. 

*H.  W..  Jane  25. 

—0.8818 

( 

F. 

18^0. 
*H.  W..  Oct,  1881 

+  1.6 
—1.6 

_5  0 

—1. 0596 

•  *  •  •  « 

1.1 

0.8 

F. 

P. 
P. 

P. 
P. 
F. 
P. 
P. 
P. 

P. 
P. 

P. 
P. 

T.  B.  M.  196  and 
196a. 

+2.4776 
+2.4808 

F. 
F. 

+  2.4792 

+3. 1806 

F. 

+31.1219  U.T7 

F. 

+3. 1265 
+8. 1263 
+3. 1244 
+8.1242 

—0.9 
-0.7 
+1.2 
+  1.4 

—2.1 

F 

F. 

.«•••• 

F 

^  " 

F, 

1.4 

189.7725 

+3.  1256 

T.  B.  M.  198  and 

-f  1. 1282 

F, 

198a. 

+1.1240  !4-2.i 

F, 

—0.8 
'+0.2 

0.2 

187.2987 

1  +1.1261 

T.B.M.   199....*. 

—2.4736 
—2. 4740 

.r. 
J. 

1 

1 

1 
1 

I 

1 

{  —2.4788 

REPORT   OF   THE   MISSISSIPPI   RIVER   COMMISSION. 


127 


Me9ulis  of  jtrecUe  leveling — C'Outiuued. 
KEOKUK,  IOWA,  TO  FULTON,  ILL.— Continued. 
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Results  of  predse  leveling — CoDtinued. 
KEOKUK,  IOWA,  TO  FULTON,  ILL.— Contintted. 
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DKaCJUPTION  OV  PBBMAKBNT  BBNCH-MARKS  BETWEEN  CARROIXTON,  LA.,  AND  BILOXI 

MISS. 

U.  S.  C.  S.  B.  M.  No.  1  i8*a  small  cross  (+)  cut  ou  iron  sill  of  walle4-up  door,  near 
northwest  comer  of  Beventh  district  Babcock  engine-house,  CarroUton,  La.  Eleva* 
tion,  9".0272. 

Hampson  Bench  (Williams). — ^The  old  Hampson  Bench  is  a  spike  in  N.  W.  corner 
of  N.  O.  and  C.  R.  R.  mac  bine- shop  at  Carrolltou,  La.  It  is  between  the  19th  and 
2l>th  couraea  of  bricks  below  the  window-sill,  and  about  six  inches  (6")  below  the  sur- 
face of  the  ground.     Elevation,  8™.8292. 

Hampson  Bench  (Re-establiMked  by  Major  Hotvell)  is  a  spike  in  ths  N.  W.  corner  of 
N.  O.  and  C.  R.  R.  machine-shop  at  Oarrollton,  La.  It  is  between  the  2l8t  and  22d 
courses  of  brick  below  the  window-sill.    Elevation,  8™.655l. 

B.  M.  3  {Eiphqf,  1875)  is  the  top  of  a  broken  spike  driven  into  the  north  face  of  the 
car-house  of  the  N.  O.  and  C.  R.  R.  It  is  two  feet  (2')  west  of  west  side  of  door,  on  a 
level  with  the  course  of  bricks  upon  which  the  door-sill  rests.     Elevation,  9"^.775Q. 

B.  M.  4  {Ripley^  1875)  is  the  top  of  a  sbip-spike  driven  in  the  north  side  of  the 
machine-shop  of  the  N.  O.  and  C.  R.  R.,  0.2  ft.  from  N.  W.  corner.  The  spike  is 
driven  between  the  bricks,  37  courses  from  top  of  window  casing.    Elevation,  1^.5181. 

B.  M.  5  (Bum^,  1875),  is  mark  .^0^1?  ^^^  ^°  ^^^  west  end  of  iron  sill  of  the 

U.  0.  E. 

north  door  of  the  N.  O.  and  C.  H.  R.  depot.    Elevation  9™.0303. 

U.  S.  P.  B.  M.  <' C ARROLLTON ''  is  the  center  of  small  hole  in  center  of  copper  bolt, 
leaded  horizontally  iu  north  face  of  masonry  of  northwest  corner  pillar  of  old  court- 
house, at  CarroUton,  La.    The  bolt  is  in  the  middle,  about  0.03  ft.  from  water  table 

N  US 

of  pillar  and  about  2.5  ft.  above  the  ground.    The  letters       0       are  cut  near  the 

PBM 
bolt    Elevation, 9«.1478. 

CiTT  B.  M.  X  X  Stone  is  top  of  granite  marking  stone  set  in  ground,  in  line  of  trees, 
on  the  west  side  of  CarroUton  ave.,  about  half-way  between  3d  st.  and  Zimple  St., 


^^  III  1^  I*  

CarroUton,  La.,    The  stone  is  marked  thus:  ,  The  mark  -f  denotes  the 


point  where  the  rod  was  held.    Elevation,  7™  7655. 

City  Stone  (corner  H^MhiHgton  and  CarroUton  avenues).  This  stone  is  set  at  south- 
east comer  of  crossing  of  Washington  and  CarroUton  avenues,  near  New  Orleans,  La. 
Elevation,  7».76:W. 

U.  8.  P.  B.  M.  1  is  a  copper  bolt  leaded  vertically  in  the  top  of  the  northwest  por- 
tion of  draw-pier  of  bridge,  called  the  '*  White  Bridge,"  cro^8iug  the  new  canal,  on 
the  Carrolltou  road,  near  New  Orleans,  La.    Elevation,  6".  9402. 

City  Stone  "Halfway  Hdusc''  is  a  granite  marking-stone  set  in  ground  on  west  side 
of  navigable  canal  (New  Basin),  near  Metairle  Rid^e  Bridge,  between  the  Halfway 
House  and  the  gate  to  Metairie  Cemet«ry.  It  is  said  to  be  the  liue-stone  of  the  Or- 
leans and  Metairie  Parishes  of  New  Orleans,  La.  The  stone  is  marked  on  top  with  a 
cross.     Elevation,  7".  9870. 

Bench-mark  *'  Height  of  Metaine  Ridge''  is  a  granite  marking-stone  set  in  ground 
12  ft.  southeast  from  southeast  abutment  of  Lake  Bridge,  on  east  side  of  canal  (New 
Basin).    The  bridge  crosses  the  canal  (New  Basin)  opposite  Toney's  House, West  End, 


near  New  Orleans,  La.    The  top  of  the  stone  is  8''  x  13",  and  is  marked 


BENCHMARK 

HEIGHT  OF 

METAIRIE 

RIDGE. 





Elevation,  7».  6753. 

Bench-mark  (near  Lake  Honse,  West  End,  La.).  This  bench-mark  is  the  top  of  a 
stoue,  set  in  eround  between  the  Lake  House  and  Touey's  House.  It  is  ou  line  with 
front  fence  of  Toney's  House,  160  ft.  from  center  of  canal  and  about  30  ft.  from  road, 
crossing  the  canal  on  the  Lake  Bridge,  at  West  End,  near  New  Orleans,  La.  Eleva- 
tion, 7».  1244. 

U.  S.  P.  B.  M.  2  is  the  center  of  a  copper  bolt  leaded  horizontally  in  the  northwest 
face  of  the  south  one  of  two  brick  abutments,  at  northwest  end  of  draw-bridge  across 

U  S 
the  Bayou  St  John,  on  the  Esplanade  Road,  New  Orleans,  La.    The  letters      0     are 

PBM 
cut  near  the  bolt.     Elevation  9™.  1593. 

U.  S.  P.  B.  M.  3  is  center  of  copper  bolt  leaded  horizontally  in  the  east  face  of  mid- 

H.  Ex.  37 ^9 
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die  brick  gate-post  of  Gentillv  gate  on  east  side  of  Fair  Grounds,  New  Orleans,  La. 
The  bolt  is  leaded  in  the  tniddle  brick  of  the  fifth  (5th)  course  above  the  surface  of  the 
ground.    The  letters  U0S  are  cut  near  the  bolt.    Elevation,  7">.6746. 

U.  S.  P.  B.  M.  4  is  the  center  of  a  copper  bolt  leaded  horizontally  in  wall  of  Fort 
Macomb,  Chef  Menteur,  La.,  on  right-hand  side  (as  3'ou  go  in)  of  entrance.    There  is 

U  S 
a  moat  aronnd  the  wall.  The  letters  1 8(^83  are  cut  about  the  bolt.   Elevation,  8"'.5427. 

PBM 
U.  S.  P.  B.  M.  5  is  a  copper  bolt  leaded  vertically  near  center  of  old  draw-bridge 

Sier,  just  north  of  irou  truss  bridge  over  the  Rigolets,  near  Rigolets  Station,  on  tne 
.  O.  and  M.  R.  R.^  La.    Elevation,  6°».9509. 

U.  S.  P.  B.  M.  ^  IS  a  copper  bolt  leaded  in  top  of  marking-stone  set  to  within  0.25 
ft.  of  its  top,  in  high  point  of  ground  Just  east  of  East  Pearl  River,  in  Miss.  It  is  200 
meters  east  of  the  eastern  pier  of  iron  truss  bridge  over  the  East  Pearl  River,  on  the 
N.  O.  and  M.  R.  R.,  and  27.2  met'Crs  south  of  the  center  of  main  railroad  track,  by 
fence  in  front  of  land  of  Mrs.  Sarah  Selph.    Elevation,  9<".5649. 

U.  S.  P.  B.M.  7  is  center  of  cross-cut  in  top  of  marking-stone,  marked  U.  S.,  set  in 
ground  just  north  of  north  fence  of  house  lot  of  Pat.  Ferril,  near  Claiborne  Station, 
on  N.  O.  and  M.  R.  R.,  Miss.  It  is  18  meters  south  of  center  of  main  track,  12  meters 
east  of  east  end  of  station-house,  and  36  meters  west  of  west  end  of  wood-shed  of 
N.  O.  and  M.  R.  R. ;  the  distances,  12  meters  and  36  meters,  being  measured  parallel 
to  railroad  track.    Elevation,  7™.6028. 

XT.  S.  P.  B.  M.  8  is  top  of  marking-stone,  marked  11.  S.,  set  in  ground  in  northwest 
oomer  of  small  yard,  in  front  of  large  yard,  on  which  the  section-house  at  Toulm6 
Station,  N.  O.  and  M.  R.  R.,  Miss.,  is  situated.  Stone  is  about  10  meters  south  of 
center  of  main  track.    Elevation,  l^'.294i. 

U.  S.  P.  B.  M.  9  is  top  of  marking-stone,  marked  U.  S.,  set  within  the  southeast 
cornerof  fence  surrounding  the  land  of  Henderson  Winfield,  near  Waveland  Station, 
N.  O.  and  M.  R.  R.,  Mies.  The  comer  is  at  the  intei section  of  Waveland  road  and 
lane,  between  the  lands  of  Mr.  Shaw  and  Mr.  Winfield.  Stone  is  about  32  meters  from 
southwest  corner  of  station-house.     Elevation,  11'".0606. 

U.  S.  P.  B.  M.  10  is  center  of  copper  bolt  leaded  horizontally  in  face  of  southern 
brick  wall  of  vestibule  of  Catholic  church  at  Bay  Saint  Louis  (Shieldsboro'),  Miss.  It 
is  about  half  way  between  side  entrance  of  vestibule  and  main  front  wall,  and  about 
1  meter  above  the  ground.    Elevation,  13™.5133. 

U.  S.  P.  B.  M.  U  is  a  copper  bolt  leaded  in  top  of  marking-stone,  marked  U.  S., 
set  in  ground,  by  fence,  and  near  northeast  comer  of  fence  of  southwest  plot  of  land, 
at  intersection  of  N.  O.  and  M.  R.  R.  track  and  Front  street,  Bay  Saint  Louis,  Miss. 
It  is  about  12  meters  south  of  centt^r  of  track,  and  514  meters  west  of  west  end  of 
bridge  over  Bay  St.  Lonis.    Elevation,  12™.8623. 

U.  S.  P.  B.  M.  12  is  copper  bolt  leaded  in  top  of  marking-stone,  marked  U.  S.,set 
in  ground  within  northwest  corner  of  fence  surrounding  plot  of  ground  on  which 
tht^  tool- house  of  N.  O.  and  M  R.  R.  section-honse  No.  9  is  situated,  at  Henderson's 
Pf  iut,  Miss.  Stone  is  about  32  meters  west  of  west  side  of  house,  and  8  meters  south 
of  center  of  track.    Elevation,  9".339i. 

U.  S.  P.  B.  M.  13  is  copper  bolt  leaded  iu  top  of  marking- stone,  marked  U.  S.,  set  in 
ground  between  pump-house  and  water-tank  at  Pass  Christian  Station,  N.  O.  and  M. 
K.  R. ,  Miss.  It  is  a  little  inside  of  north  line  of  pump-house  and  tank,  and  about  3  meters 
from  west  side  of  pump-honse.  Pump-house  is  about  9  meters  south  of  track.  Ele- 
vation, 9'«.73o9. 

U.  8.  P.  B.  M.  14  is  top  of  copper  bolt  leaded  in  top  of  marking-stone  set  in  gronnd 
directly  opposite  the  New  Orleans  62-mile  post  and  8  meters  north  of  center  of  track 
of  N.  O.  and  M.  R.  R.    Elevation,  15".7654. 

U.  S.  P.  B.  M.  15  istop  of  marking-stone  set  in  ground  24  meters  north  of  center  of  traok^ 
abont  873  meters  east  of  New  Orleans  65-mile  post,  and  about  639  met«rs  west  of  New 
Orleans  66-mile  post,  on  the  N.  O.  and  M.  R.  R.  Three  pine  trees,  each  marked  with 
five  narrow  blazes,  are  near  the  stone.     Elevation,  14™.  0706. 

U.  S.  P.  B.  M.  16  is  center  of  copper  bolt,  leaded  norizontally  in  center  of  fifth  (5th) 
brick  of  the  fifteenth  (15th)  course  above  water-table,  in  the  west  wall  of  jail  at 
Mississippi  City,  Miss.    The  bricks  are  counted  from  northwest  comer  of  building.   It 

is  marked    Q        Elevation,  12».742d. 
B  M 

U.  S.  P.  B.  M.  17  is  copper  bolt  leaded  in  top  of  marking-stone  set  in  ground  near 
west  end  of  depot  platform,  and  II  meters  south  of  center  of  track  at  Bean  voir  Sta- 
tion, N.  O.  &  M.  R.  R.,  Miss.     Elevation,  14".2322. 

U.  S.  P.  B.  M.  16  is  center  of  copper  bolt  leaded  horizontally  in  center  of  second  (iind) 
brick  of  the  fourteenth  (14th)  course  above  sidewalk,  in  east  wall,  near  southeast 
comer  of  brick  building  on  southwest  comer  of  Back  Bay  road  (or  Mule  street)  and 
Jackson  street,  Biloxi,  Miss,    Elevation,  13°*.1006. 
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U.  S.  p.  B.  M.  19  is  copper  bolt  leaded  in  top  of  niftrking-stone  marked  U.  S.,  set 
is  groand  30  meters  south  of  center  of  track  and  '255  meters  west  from  west  end  of 
Biloxi  Bay  bridge,  on  the  K.  O.  &,  M.  R.  R.  Pine  trees  near  the  stone  are  marked 
with  five  narrow  blazes.     Elevation,  8™.1680. 

U.  S.  P.  B.  M.  20  is  copper  bolt  leaded  in  top  of  marking-stone  marked  U.  S.,  set  in 

f  round  4  meters  north  of  center  of  track  and  114  meters  west  from  west  end  of  Biloxi 
ay  bridge,  on  the  N.  O.  &  M.  R.  R.     Elevation,  8«.5125. 

ij.  S.  P.  B.  M.  21  is  top  of  copper  bolt  leaded  in  northern  portion  of  concrete  draw- 
bridge pier  of  Biloxi  Bay  bridge,  on  the  N.  O.  &  M.  R.  R.  The  bolt  is  set  about  half 
way  between  cog-wheel  and  extreme  north  point  of  iron  casing  of  concrete.  Letters 
U.  S.  cut  near  the  bolt.    Elevation,  B'^.Tlll. 

DESCRIPTION  OF  PERHAXENT  BENCH-MARKS  BETWEEN  GRAFTON,  ILL.,  AND  CAIRO,  ILI^ 

U.  S.  P.  B.  M.  1  is  copper  bolt  in  top  of  stone  in  ground  in  woods  on  Calhoun 
Point,  at  mouth  of  Illinois  River.  It  is  60  meters  from  edge  of  woods  on  Illinoia 
River,  and  150  meters  from  edge  of  woods  on  Mississippi  River.    Elevation,  134^.5101. 

U.  S.  P.  B.  M.  2  is  top  of  copper  bolt  in  top  of  stone  in  ground  in  woods  at  mouth  of 
Illinois  River  on  left  bank,  157  meters  back  from- river,  4  meters  east  of  fence,  15 
meters  south  of  road,  2,100  meters  above  Catholic  Church  in  Grafton,  III.,  and  within 
triangle  formed  by  three  pecaif  trees.    Elevation,  liJ6°*.3645. 

U.  .S^  P.  B.  M.  3  is  copper  bolt  in  top  surface  of  doorstep  of  Catholic  Church, 
Grafto^  111.  It  is  22  centimeters  from  front  of  step,  and  13  centimeters  from  north 
jamb.     Elevation,  139'".3116. 

U.  S.  P.  B.  M.  4  is  copper  bolt  in  east  end  of  doorstep  of  eastern  door  in  Allen's 
brick  building,  adjoining  Grafton  Flouring  Mills,  Grafton,  III.  It  is  104  millimeters 
from  front  surface  of  step.    Elevation,  142™. 0719. 

U.  S.  P.  B.  M.5  is  tapper  bolt  leaded  in  the  natural  rock  on  side  of  bluff  above 
high-water  mark.  It  is  450  meters  below  fiour  mill  at  Jersey  Lauding,  III.,  and  about 
4  miles  below  Grafton,  111.  The  letters  U.  S.  P.  B.  M.  are  cat  in  the  rock  near  the  cop- 
per bolt.     Elevation,  141°>.4305. 

U.  S.  P.  B.  M.  6  is  copper  bolt  leaded  vertically  in  the  natural  flat  rock ;  top  of  rock 
floah  with  surface  of  ground.  It  is  5,600  meters  below  flour  mill  at  Jersey  Landing, 
111.  It  lies  near  high-water  mark  and  about  9  meters  west  of  the  mouth  of  small 
ravine  which  comes  out  of  valley  facing  the  '*  Eagle's  Nest."    Elevation,  135'".0339. 

U.  S.  P.  B.  M.7  is  copper  bolt  in  natural  rock  on  hillside,  in  woods  19  meters  above 
hish- water  mark,  and  3,150  meters  below  mouth  of  Piasa  Creek.  The  letters  U.  S.  P. 
B.  M.  are  cut  near  bolt.    Elevation,  143™.71H1. 

U.  S.  P.  B.  M.  8  is  copper  bolt  leaded  vertically  in  east  end  of  water-table,  on  the 
Boath  side  of  the  Aitcpi  water  works  building  in  sixth  window  from  comer,  Alton, 
m.    The  letters  U.  S.  cut  near  the  bolt.    Elevation,  136".9468. 

U.  8.  P.  B.  M.  9  is  capper  bolt  leaded  vertically  in  south  end  of  doors  tep,  in  north 
west  comer  of  German  Catholic  Charch  in  Alton,  111.    Elevation,  154™.4612. 

U.  S.  P.  B.  M.  10  is  top  of  copper  bolt  in  stone  post  in  ground  in  woods  oa  land  of 
— .  — .  Gringering,  about  three  nundred  meters  east  of  his  house,  and  5  miles  below 
Alton,  111.     It  is  about  500  meters  from  river  bank.    Elevation,  136^.0457. 

U.  S.  P.  B.  M.  11  is  top  of  copper  bolt  in  stone  in  ground  in  woods  450  meters  back  ' 
from  triaugnlation  station  Gillen,  2  meters  north  of  honey-locust  tree,  about  10  meters 
north  of  road,  and  about  11  miles  below  Alton,  111.    There  is  a  road  leading  back 
from  river  past  this  bench-mark.    Elevation,  132™.2312. 

U.  S.  P.  B.  M.  12  is  top  of  copper  bolt  in  stone  in  ground  in  corner  of  grove  20  meters 
west  of  Columbia  road,  12.B  miles  above  steel  railroad  bridge  at  St.  Louis,  Mo.  It  is 
on  land  of  — .  >r-.  Chambers,  about  opposite  lower  end  of  Wilson's  Island  Ko.  5.  Ele> 
vatiou,  145>».6611. 

0.  S.  P.  B.  M.  13  is  top  of  copper  bolt  in  top  of  stone  in  ground  in  small  grove  on  east 
aide  of  Baden  and  Saint  Louis  street-car  track,  6.4  miles  above  the  railroad  bridge  at 
Saint  Lonis,  Mo.  It  is  110  meters  south  of  northern  terminus  Baden  street-car  track^ 
and  37  meters  east  of  same.    Elevation,  137™.6447. 

U.  S.  P.  B.  M.  14  is  small  hole  in  center  of  copper  bolt  leaded  horizontally  in  third 
coarse  of  stones  on  north  side  of  western  engine-room  of  Saint  Louis  water  works. 
Saint  Louis,  Mo.  It  is  147  centimeters  west  of  west  coping  to  main  entrance  to  build- 
inf.    The  letters  U.  S.  P.  B.  M.  are  out  near  the  bolt.    Elevation,  136^.  1201. 

U.  S.  P.  B.  M.  15  is  small  hole  in  copper  bolt  leaded  horizontally  in  the  west  pier  of 
arch  No.  4,  on  east  side  of  pier  of  Saint  Lonis  steel  bridge,  at  Saint  Louis,  Mo.   It  is  6.14 
meters  sonth  of  north  end  of  pier  and  14  centimeters  above  top  course  of  granite. 
The  letters  U.  S.  are  out  in  the  granite  below  the  bench-mark.     Elevation,  133°^.0938. 

U.8.P.B.M.  16  is  top  of  copper  bolt  leaded  vertically  in  east  end  of  doorstep  of 
seoond  door  from  northeast  comer  of  brick  saloon  adjoining  ''Saint  Louis  Park"  at 
JQOction  of  Jefferson  avenue  and  Carondelet  road,  Saint  Louis,  Mo.     Bench-mark 
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is  29.5  centimeters  from  front  face  and  10  centimeters  west  of  buttress  adjoining  door* 
«tep.    Elevation,  159'".3461. 

U.  S.  P.  B.  M.  17  is  top  of  copper  bolt  leaded  vertically  in  north  end  of  north  door- 
step of  £.  Mneller's  store,  nortn  of  northeast  corner  ot  Main  and  Franklin  streets, 
<:;arondelet,  Mo.     Elevation,  13»»\6820. 

U.  S.  P.  13.  M.  18  is  center  of  copper  bolt  leaded  horizontally  in  water-table  in  north- 
east comer  of  gnard-house,  at  Jenerson  Barracks,  Mo.     Elevation,  156°^.8992. 

U.  S.  P.  B.  M.  19  is  center  of  copper  bolt  le  ded  horizontally  in  cast  face  of  stone 
in  fourth  course  from  top  in  east  end  of  culvert  at  Cliff  Cave,  Mo.,  on  Iron  Mountain 
Hailroad.    Elevation,  12t)nM949. 

U.  S.  P.  B.  M.  20  is  top  of  copper  bolt  leaded  vertically  in  upper  surface  of  third 
«tone  from  top,  in  south-west  retaining  wall  of  arched  culvert,  over  White  House 
Oreek,  on  Iron  Mountain  Railroad.    Elevation,  131™.09tf7. 

U.  S.  P.  B.  M.  21  is  top  of  copper  bolt  leaded  vertically  in  top.  stone  directly  over 
3cey8tone  of  arch  on  north  side  of  arched  culvert,  650  meters  below  Jefferson  Station, 
Jio.f  on  Iron  Mountain  Railroad.  The  letters  U.  S.  P.  B.  M.  are  cut  near  the  bolt. 
Elevation.  i:J0«.0469. 

U.  S.  P.  B.  M.  22  is  top  of  copper  bolt  leaded  vertically  in  southern  abutment  to 
southern  approach  to  railroad  bridge  on  Iron  Mountain  Railroad  at  Kimmswick, 
Mo.     Elevation,  130'°.6901. 

U.  6.  P.  B.  M.  2:)  is  center  of  copper  bolt  leaded  horizontally  in  cast  face  of  stone  in 
northeast  comer  of  southern  pier  of  railroad  bridge,  400  meters  below  station-house 
Skt  Sulphur  Spriuffs,  Mo.     Elevation,  129°^.3103. 

U.  S.  P.  B.  M.  Sa  is  center  of  copper  bolt  leaded  horizontally  in  natural  rock  in 
overhanging  bluff  1,000  meters  below  station-house  at  Illinois  Station,  Mo.  This  is 
the  first  bluff  that  is  seen  from  water's  edge,  standing  opposite  iK)int  where  Iron 
Mountain  Railroad  leaves  Mississippi  River.    Elevation,  131'".7525. 

U.  S.  P.  B.  M.  25  is  top  of  copper  bolt  leaded  vertically  in  Cornice  Rock,  about  2 
meters  from  rivtr  edge  of  rock,  and  about  160  meters  sonth  of  foot  of  Cornice  Islaud, 
And  1,000  meters  south  of  mouth  of  Platin  Rock  Creek,  Jefferson  Co.,  Mo.  Elevation, 
123™.(KJ92. 

U.  S.  P.  B.  M.  26  is  top  of  copper  bolt  leaded  vertically  in  top  of  Robber's  Rock,  on 
north  side,  and  1,736  meters  above  Rush  Tower,  Mo.    Robber's  Rock  is  large  sandstoue 
•on  bea<)h,  and  is  plainly  visible  for  three-fourths  of  a  mile  up  or  down  the  river.    Ele- 
vation, 124™.6578. 

U.  S.  P.  B.  M.  27  is  center  of  copper  belt  leaded  horizontally  in  limestone  wall  (natural 
rock),  at  Rush  Tower,  Mo.,  and  11  meters  from  post-office  building.  Elevation, 
126™.6790. 

U.  S.  P.  B.  M.2d  is  top  of  copper  bolt  leaded  vertically  in  large  limestoue  bowlder 
on  beach,  1,000  meters  above  Brickey's  Mill,  Cliff  P.  O.,  Ste.  Genevieve  Co.,  Mo.  This 
beach  is  a  little  lower  than  extreme  high-water  mark.    Elevation,  12l™.5487. 

U.  S.  P.  B.  M.  29  is  center  of  copper  bolt  leaded  horizontally  in  limestone  wall 
(natural  rock)  at  end  of  bluff  about  4  meters  north  of  a  red  oak  tree,  about  30  meters 

north  of Maple's  farm-house  and  three  miles  below  Cliff  P.  O.,  Ste.  Genevieve  Co., 

Mo.    This  bench-mark  in  about  one  foot  above  surface  of  ground  at  base  of  bluff  and 
is  about  6  meters  above  high  water-mark.    Elevation,  131°>.0374. 

U.  S.  P.  B.  M.  30  is  center  of  copper  bolt  leaded  horizontally  in  natural  rock  1,580 
ineters  above  White  Sand  Depot  Landing,  St-e.  Genevieve  Co.,  Mo.  It  is  about  250 
meters  north  of  southern  end  of  bluff.  The  letters  U.  S.  P.  B.  M.  are  cut  near  the  bolt. 
Elevation,  124".6871. 

U.  S.  P.  B.  M.  31  is  center  of  copper  bolt  leaded  horizontally  in  natural  rock  wall 
14  meters  north  of  a  spring;  at  Limestone  Point,  Ste.  Genevieve  Co.,  Mo.,  and  is  about 
*2^  miles  above  Ste.  Genevieve,  Mo.  The  letters  U.  S.  P.  B.  M.  are  out  around  the  bolt. 
JElevation,  128°'.9043. 

U.  (^.  P.  B.  M.  32  is  top  of  copper  bolt  leaded  vertically  in  west  end  of  doorstep  on 
south  side  of  Rozier's  warehouse,  southwest  comer  Main  and  Washington  streets,  Ste. 
Oenevieve,  Mo.    Elevation,  125™.1543. 

U.  S.  P.  B.  M.  33  is  center  of  copper  bolt  leaded  horizontally  in  south  side  at  south- 
•east  corner  of  pablic  school  building  in  Ste.  Genevieve,  Mo.,  four  inches  from  comer 
in  fifth  course  of  stones  below  the  bricks.  The  letters  U.  S.  P.  B.  M.  are  cut  near 
the  bolt.    Elevation,  128».3iri. 

U.  S.  P.  B.  M.  34  is  center  of  copper  bolt  leaded  horizontally  in  east  face  of  large  cor- 
ner-stone of  eugine-house  of  Quarry  town  Grindstone  Works,  at  Quarry  town,  Mo., 
three  miles  below  Ste.  Genevieve,  Mo.  The  letters  U.  S.  P.  B.  M.  are  cut  near  the 
bolt.     Elevation,  123'n.2542. 

U.  S.  P.  B.  M.  :^  is  center  of  copner  bolt  leaded  horizontally  in  west  end  of  water- 
table  in  southwest  comer  of  storenou^e  belonging  to  E.  S.  Lanbaugh,  on  northeast 
corner  of  Second  and  Walnut  streets,  Ste.  Mary's,  Mo.  The  bolt  is  countersunk  about 
S^  millimeters  in  the  stone.  The  letters  U.  S.  P.  B.  M.  are  out  near  the  bolt.  Eleva- 
tion, 124»  6617. 
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U.  8.  P.  B.  M.  36  is  center  of  copper  bolt  leaded  horizontally  in  sonthwest  corner  of 
Martin  Roondstone's  ice-honse  6n  east  side  of  Walnut  street,  Ste.  Mary's,  Mo.  The- 
letters  U.  S.  P.  B.  M.  are  out  near  the  bolt.  The  bolt  is  in  fifth  course  of  stones  from, 
bottom.    Elevation,  1*26™.7787. 

U.  S.  P.  B.  M.  37  is  top  of  copper  bolt  leaded  vertically  in  stone  post  set  in  ground, 
in  wonds  about  4  miles  below  ate.  Mary's,  Ste.  Genevieve  Co.,  Mo.  It  is  990  ineter» 
back  from  river  and  24  meters  west  of  lane  runuing  south  from  river  road.  Lane 
turns  off  from  river  road  in  vicinity  of  John  Lawrence's  house.  This  bencli-mark  is 
8.  40°  W.  from  farm-house,  7  meters  N.  75°  W.  from  tiah  tree,  and  4^  meters  N.  52<^  E. 
from  box-elder  tree.    Elevatiou,  181™. 1124. 

U.  8.  P.  B.  M.  3d  is  horizontal  copper  bolt  in  water-table  of  drug  store  northeast 
corner  of  Srhuchert's  Block,  Chester,  111.    Elevation,  122">.0907. 

U.  S.  P.  B.  M.  39  is  horizontal  copper  bolt  in  front  face  of  Cole  Brothers'  stone  ele- 
vator, 1.32  meters  east  of  the  southwest  corner  and  the  same  distance  above  the> 
ground,  1,240  meters  below  Chester,  III.    Elevation,  122'n.2673.  ^ 

U.  8.  P.  B.  M.  40  is  top  of  copper  bolt  in  stone  monument  set  in  southeast  corner 
of  woods  576  meters  back  from  a  long  lane  Just  west  of  large  wheatfield  from  turn  of 
road,  40  meters  north  of  farm-house  of  Marcus  Peto.  It  is  2  meters  south  of  elm- 
tree  4  feet  in  diameter,  12  meters  west  from  hackberry  tree  18  inches  in  diameter,  and 
200  meters  northwest  of  house  not  occupied.    Elevation,  118™.0519. 

U.  8.  P.  B.  M.  41  is  top  of  copper  bolt  in  stone  in  ground  50  meters  south  of  end  of 
lane,  1  meter  fhim  fence,  1,420  meters  back  from  river  at  Bois  Brnl^  P.  O.,  Perry  Co.^ 
Mo.     Elevation,  116™.  5760. 

U.  8.  P.  B.  M.  42  is  center  of  copper  bolt  set  horizontally  in  vertical  fac^  of  natural 
rock  at  upper  extremity  of  bluflf  643  metres  below  Grand  Eddy  post-office,  Perry  Co.,. 
Mo.  It  is  about  3^  meters  below  upper  end  of  U.  S.  water-gauge,  and  14  meters  oelow 
extreme  upper  point  of  the  bluff  rocks.  The  letters  U.  S.P.  B.  M.  are  cut  in  the  rock 
near  the  bolt.    Elevation,  119™. 4255. 

U.  8.  P.  B.  M.  43  is  center  of  copper  bolt  leaded  horizontally  in  a  large  rock  in  the' 
woods  about  4  miles  below  Grand  Eddy,  Perry  Co.,  Mo.  It  is  740  meters  below  a  house, 
175  meters  back  from  the  river,  and  30  meters  back  from  edge  of  timber,  and  at  the» 
upper  end  of  a  stretch  of  prairie  land  which  extends  down  to  76  landing.  Elevation,. 
118™.7714. 

U.  8.  P.  B.  M.  44  is  top  of  copper  bolt  leaded  vertically  in  a  large  bowlder,  10  feet  hy 
10  feet  by  6  feet,  6  meters  from  edge  oi  bank,  17  meters  above  second  gate  above  farm- 
bouses  of  Napoleon  Gill,  lOO  meters  above  barn  on  Cape  Ciuque  Hommes,  Perry  Co.^ 
Mo.,  and  3f  miles  above  Wittenberg,  Mo.    Elevation,  118™.5512. 

U.  8.  P.  B.  M.  45  is  center  of  copper  bolt  leaded  horizontally  in  Htone  fouudatioU-wall 
of  Wittenberg  Flouring-Mill,  at  Wittenberg,  Mo.,  on  side  facing  the  river  between 
the  ground-floor  door  and  down-river  corner  of  mill.     Elevatiou,  116*".5i)(»4. 

U.  8.  P.  B.  M.  46  is  center  of  copper  bolt  leaded  horizontally  in  east  face  of  rock,  2: 
meters  east  of  road,  400  meters  below  Wittenberg,  Mo.  It  is  situated  between  the 
hous»eB  of  Denny  and  Tucker,  23  meters  from  the  farmer  and  31  meters  above  the  lat» 
ter's  house.  It  is  11  meters  below  Denny's  shop  and  29  meters  ^bove  Tucker's  bam.. 
Elevation,  116™.4716. 

U.  S.  P.  B.  M.  47  is  top  of  copper  bolt  leaded  vertically  in  the  point  of  rocks  9S 
meters  below  "Tower  Rock,"  Perry  Co.,  Mo.,  and  opposite  the  upper  end  of  Grand 
Tower,  m.  It  is  15  meters  east  of  an  iron  bolt  leaded  vertically  in  the  rock  and 
marked  •*  U.  8.  53."  The  letters  U.  8.  P.  B.  M.  are  cut  near  the  copper  bolt.  Eleva- 
tion, 111™.0031. 

U.  8.  P.  B.  M.  48  is  center  of  copper  bolt  leaded  horizontally  in  face  of  rock  at  Birming- 
ham Point,  Perry  Co.,  Mo.  It  is  813  meters  above  the  mouth  of  Apple  Creek,  and  2§t' 
meters  above  a  scrubby,  gnarled  sycamore  tree  growing  in  the  rocks.  The  rocks  here 
are  conglomerate  in  horizontal  strata,  and  from  the  river  present  the  appearance  of  i^ 
stairway.  The  letters  U.  8.  P.  B.  M.  are  cut  near  the  bolt  in  the  rocs.  It  is  about 
30  metem  above  a  living  spring,  which  comes  up  out  of  the  gravel  just  below  the 
stnita  of  rock.    Elevation,  110™.0317. 

U.  S.  P.  B.  M.  49  is  top  of  copper  bolt  leaded  vertically  in  the  bluff  rock  3,655  meters- 
below  mouth  of  Apple  Creek,  Cfape  Girardeau  Co.,  Mo.  In  front  of  this  bench-mark 
are  three  very  large  rocks  standing  out  from  the  bluff  and  partly  detached  therefrom. 
Elevation,  110™.2011. 

U.  8.  P.  B.  M.  50  is  center  of  copper  bolt  leaded  horizontally  in  natural  rock  in  rivet- 
bluff  712  meters  below  rock  called  "The  Devil's  Tea  Table,"  in  Cape  Girardeau  Co., 
Mo.     Elevation,  110™.2257. 

U.  8.  P.  B.  M.  51  is  center  of  copper  bolt  leaded  in  the  steeply-inclined  face  of  th» 
lant  reliable  ledge  of  rocks  of  the  chain  extending  south  from  Moccasin  Springs,  Mo., 
and  at  the  point  where  the  bluffs  begin  to  recede  from  the  river  2,500  meters  above 
Bainbridge  Creek.    The  letters  U.  S.  are  cut  in  the  rock.    Elevation,  109™.  1341. 

U.  8.  P.  B.  M.  52  is  a  horizontal  copper  bolt  set  in  vertical  face  of  ledge  of  rocks  35 
oeDtimeten  thick.    The  bolt  is  1.2  meters  above  the  ground,  is  775  meters  below  Henry 
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Shineman's  liouse  and  565  meters  above  the  foot  of  the  bluffs.  These  bluffs  are  4  miles 
above  north  end  of  Cape  Rock,  Cape  Girardeau  Co.,  Mo.,  f  mile  from  river,  and  on 
land  of  Klisha  Sheppard's  heirs.    Elevation,  I10i".5744. 

U.  S.  P.  B.  M.  5:i  IS  center  of  horizontal  copper  bolt,  set  in  vertical  face  of  ledge, 
jnst  below  a  ravine  at  the  lower  end  of  Cape  Rock.  Its  elevation  is  about  high 
water.     Elevation,  10H™.7640. 

U.  8.  P.  B.  M.  54  is  a  horizontal  copper  bolt  in  the  out«r  vertical  face  of  stone 
step,  which  extends  under  buttress  at  the  northeast  corner,  second  entrance  from  the 
north,  to  Marble  Citv  Hotel,  on  Water  street,  Cape  Girardeau,  Mo.  Elevation, 
111™.7495. 

U.  S.  P.  B.  M.  55  is  horizontal  copper  bolt  in  vertical  face  of  good  homogeneous 
hard  rock,  Jnst  below  and  near  the  southeast  comer  of  St.  Vincent's  College,  about 
45  meters  west  of  river,  in  south  part  of  Cape  Girardeau,  Mo.    Elevation,  114^.7730. 

U.  S.  P.  B.  Al.  56  is  horizontal  brass  key,  in  vertical  face  of  solid  rock  of  fairly 
bard  homogeneous  sandstone,  or  granite,  very  white  when  cut.  Ledge  forms  bank  of 
river,  and  is  at  lower  end  of  Cape  Girardeau,  in  front  of  St.  Vincent  College.  It  is 
about  35  meters  east  of  railroad  track.    Elevation,  107^.1247. 

U.  S.  P.  B.  M.  57  is  center  of  horizontal  copper  bolt,  set  in  smooth  vertical  face, 
in  ledge  of  blue,  or  gray,  limestone,  at  its  upper,  or  western,  extremity,  on  the  land  of 
the  Taylor  estate.  It  is  0.8  meter  above  the  ground,  1  meter  below  top  of  vertical 
part,  and  10  meters  below  where  the  ledge  disappears  under  the  ground.  It  is 
8.  7(P  E.,  75  meters  from  mouth  of  Le  Croix  Creek,  and  1,574  meters  above  lower 
U.  8.  water-gauge  at  Gray's  Point,  Mo.,  being  jnst  in  view  of  the  lower  part  of  Cape 
Girardeau,  Mo.  The  letters  U.  S.  P.  B.  M.  are  cut  in  the  face  of  the  rock.  Eleva- 
tion, 110«».9a'^. 

U.  S.  P.  B.  M.  58  is  center  mark  on  horizontal  copper  bolt  leaded  in  the  vertical 
face,  looking  toward  the  river,  of  the  center  one  of  three  large  rocks,  the  low4*st  and 
largest  of  which  forms  the  bank  of  the  river,  and  is  known  as  ''  Counterfeit  Rock,'' 
or  *<S^.anding  Rock  of  the  Grand  Chain."  It  is  10  meters  from  the  top  of  the  river 
bank,  80  meters  above  the  line  between  Matthew  Roe  and  H.  S.  Wray,  600  meters 
above  Wray's  Lauding  on  the  laud  of  said  Matthew  Ron,  situated  about  three  miles 
above  Commerce,  Mo.  It  is  about  0.8  meters  above  the  ground.  The  letters  U.  S.  P. 
B.  M.  are  cut  in  the  rock.    Elevation,  1 10^^.6773. 

U.  S.  P.  B.  M.  59  is  the  center  of  a  horizontal  copper  bolt  leaded  in  the  steeplv 
inclined  face,  looking  toward  the  river,  of  a  large  silicious  rock  mostly  covered  with 
earth,  being  one  of  a  group  of  many  in  a  ravine  1,190  meters  above  U.  S.  P.  B.  M.  60, 
in  Commerce.  It  is  0.6  meters  above  the  ground,  and  about  60  meters  back  from  the 
river,  the  ||^und  rising  in  this  distance  15  meters.  It  is  in  a  shallow,  rocky  ravine, 
at  upper  side  of  the  first  strip  of  cultivated  land,  near  the  river,  south  of  the  bluffs, 
ou  laud  of  Mrs.  C.  Halfner.  The  letters  U.  S^  P.  B.  M.  are  cut  in  the  rock.  Eleva- 
tion, 118n».7540. 

U.  S.  P.  B.  M.  60  is  point  in  center  of  horizontal  copper  bolt  leaded  in  vertical  face  of 
ledge,  looking  toward  the  river  0.55  metres  above  the  ground  and  3.37  metres  above 
the  high  water  of  1858.  The  top  surface  of  this  rock  or  ledge,  which  extends  across 
the  street,  forms  the  road  bed.  It  is  Jnst  in  front  of  a  point  about  30  meters  above 
Wm.  Anderson's  large  brick  house  on  elevated  site  at  the  north  or  upper  end  of  Cora-  . 
merce,  Mo'.  There  are  a  large  number  of  large  pieces  of  rock  lying  on  the  bank  here 
that  have  from  time  to  time  rolled  down  from  the  same  general  ledge,  bnt  the  one 
selected  is  so  large  and  extends  back  in  the  bank  so  far  tiiat  it  is  reliable.  Eleva- 
tion, 110«'.5032. 

U.  S.  P.  B.  M.  61  is  center  of  horizontal  copper  bolt  set  in  front  or  east  face  of  founda- 
tion of  Wm.  Anderson's  large  brick  dwelling-nouse  at  the  upper  end  of  Commerce,  Mo. 
It  is  2  meters  north  of  center  of  front  entrance  and  36  centimeters'above  the  ground. 
Elevation,  116»».6307. 

U.  S.  P.  B.  M.  62  is  mark  in  center  of  horizontal  copper  bolt  set  in  the  vertical  face 
of  the  northwest  abutment  of  stone  culvert  under  roa<l  over  Muddy  Creek,  1  meter 
above  the  ground,  75  meters  from*  the  top  of  the  river  bank  and  1,9<>0  meters  above 
Santa  F6  Store,  which  latter  is  opposite  Commerce,  Mo.,  in  the  State  of  Illinois.  This 
foundation  or  masonry  rests  on  the  natural  rock.  The  letters  U.  S.  P.  B.  M.  are  cut 
in  the  rock  near  the  bolt.    Elevation,  I04™.6078. 

U.  8.  P.  B.  M.  63  is  185  meters  right  up  the  same  creek  (Muddy  Creek)  in  the  left 
hand  ravine  going  up  from  the  culvert  in  whicli  is  U.  S.  P.  B.  M.  62.  It.  is  center  of 
copper  bolt  set  in  vertical  face  of  a  very  large  rock  on  part  of  the  Ifdge  jnst  on  the 
right  of  the  creek  going  up,  1.5  meters'above  the  ground,  1.5  meters  below  the  top 
of  the  rock,  and  2  meters  from  the  projecting  end.    Elevation,  108^".7967. 

U.  S.  P.  B.  M.  64  is  top  of  copper  bolt  in  top  of  stone  in  {ground  1,260  meters  back 
fh)m  river,  1  meter  north  offence  on  north  side  of  road  leading  east  from  Goose  Island 
P.  O.,  or  Atherton's  Landing,  about  19  miles  above  Cairo,  III.    Elevation,  107"".5416. 

U.  8.  P.  B.  M.  65  is  top  or  copper  bolt  in  top  of  stone  in  ground  in  woods  about 
1,500  meters  back  fh>m  river,  and  8^  miles  above  Cairo  Post-Office,  Alexander  Co., 
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Illinois.  It  is  26  meters  froui  graded  roud  (otherwise  known  as  levee),  and  93  meters 
from  a  school-hoase  for  negroes,  and  2i  miles  below  Spies'  Mills.  Elevation,  103™.4605. 
U.  S.  P.  B.  M.  t)6  is  top  of  copper  bolt  in  stone  post  in  open  woods.  It  is  61  meters 
east  of  a  point  on  the  I.  C.  R.  R.,  which  point  on  the  railroad  is  391  meters  ndrth  oj 
the  'Uhree-mile  post"  from  Cairo.  111.     Elevation,  10l".4777. 

DESCRIPTION  OF  PERMAXBNT  BENCH-MARKS  BETWEEN  KEOKUK,  IOWA,  AND  GRATTON, 

ILL. 

U.  S.  P.  B.  M.  1  is  top  of  copper  bolt  leaded  vertically  into  coping  of  shore  side  of 
lower  lock  of  Des  Moines  Rapids  Canal,  Keokuk,  Iowa.  Bench  is  in  recess  between 
stone  steps  and  stone  pier  of  lower  hydraulic  tower,  on  south  side  of  pier.  Elevation, 
156«.  .5.370. 

U.  S.  P.  B.  M.  2  is  copper  bolt  leaded  horizontally  in  south  face  of  Iowa  shore  pier 
of  RCR.  bridge,  Keokuk,  Iowa,  8  inches  above  hench  of  pier,  in  the  tenth  stone  from 
west  end.     Elevation,  156^.  7516. 

C.  S.  P.  B.  M.  3  is  copper  bolt  leaded  horizontally  in  southwest  corner  of  three-story 
stone  building,  owned  oy  Mr.  Patterson,  facing  on  Water  street,  second  door  from  cor- 
ner of  Johnson  street,  Keokuk,  la.,  8  inches  above  west  door-sill,  oninner  side  of  outer 
wall.  50  feet  from  corner  of  Water  and  Johnson  streets.    Elevation,  161™.  3896. 

U.  S.  P.  B.  M.  4  is  small  conical  hole  in  rock  at  intersection  of  cross-cut  in  upper 
sQTj&ce  of  top  stone  of  buttress  of  Des  Moines  River  bridge.    Elevation,  158°^.  4243. 

U.  S.  P.  B.  M.  5  is  copper  bolt  leaded  horizontally  into  north  wall  of  brick  building, 
1|  feet  ftom  northeast  corner,  and  three  feet  from  ground.  Building  is  in  upper  end 
of  Alexandria,  Mo.,  facing  river,  and  60  feet  from  bank.  The  north  wall  faces  slough 
emptying  into  river,  and  50  meters  from  it.  Building  owned  by  Chas.  Bocker ;  post- 
office  located  in  building.     Elevation,  158™.  0087. 

U.  S-  P.  B.  M.  6  is  copper  bolt  leaded  horizontally  in  upper  comer  of  stone  masonry 
on  front  side  of  northeast  corner  of  Baptist  Church  at  Gregory's  Landing,  Mo. 
Church  is  150  meters  north  from  junction  of  railroad  and  wagon  road.  Elevation, 
154»  7690. 

U.  8.  P.  B.  M.  7  is  copper  bolt  leaded  vertically  in  marking-stone  set  at  root  of  oak 
tree,  24  meters  west  of  railroad.  Stone  is  1. 7  meters  west  of  tree  in  northeast  corner 
of  field,  10  meters  south  of  small  ravine,  650  meters  below  bridge  No.  14.  Tree  is  12 
inches  in  diameter.     Elevation,  157^.2349. 

U.  8.  P.  B.  M.  8  is  copper  bolt  leaded  horizontally  in  north  wall  of  Down's  Hotel. 
Canton,  Mo.  Bolt  is  in  fifth  stone  from  ground,  fourth  stone  from  corner  of  wall  made 
by  office  door  entrance,  and  in  second  stone  from  first  window  west  of  office  entrance. 
Hotel  is  on  southwest  corner  of  Lewis  and  Fifth  streets.     Elevation,  156™.  78^. 

U.  8.  P.  B.  M.  9  is  copper  holt  leaded  horizontally  in  east  side  of  back  foundation  of 
German  Methodist  Episcopal  Church,  corner  of  Sixth  and  Washington  streets.  Can- 
ton, Mo.  Bolt  is  in  third  stone  from  ground  and  in  second  from  north  comer,  and 
directly  Qnd«r  window  facing  east.    Elevation,  156^.5849. 

U.  S.  P.  B.  M.  10  is  copper  bolt  leaded  vertically  in  top  surface  of  southeast  comer  of 
south  abutment  of  railroad  bridge  No.  35  over  Wyaconda  Creek.  Bolt  is  2  feet  firom 
south  face,  4  feet  from  east  face  of  abutment,  and  about  1  mile  above  La  Grange,  Mo. 
Elevation,  153".6160.  • 

U.  8.  P.  B.  M.  11  is  copper  bolt  leaded  horizontally  in  northeast  corner  stone  of 
Qniaenberry  Sl  Schneider's  tobacco  works,  situated  on  southwest  comer  of  Wash- 
ington street  and  K  and  St.  L.  R.  R.  at  Lagrange,  Mo.  Bolt  is  in  east  face,  15  inches 
firom  comer  of  stone  and  2  feet  from  ground.    Elevation,  153^.5792. 

U.  8.  P.  B.  M.  12  is  center  of  copper  bolt  leaded  horizontally  in  third  course  of  masonry 
from  bottom  and  ninth  from  top  of  west  abutment  of  Quincy  R.  R.  bridge.  West 
Qnincy,  Mo.    Bolt  is  in  north  face  2  inches  from  east  comer.    Elevation,  151'°.7187. 

U.  8.  P.  B.  M.  13  is  copj>er  bolt  leaded  vertically  in  top  surface  of  top  stone  of  north- 
east corner  of  north  pier  forming  south  face  of  nort^  abutment  of  covered  railroad 
bridge  over  the  Fabins  River.  Bolt  is  near  the  center  of  stone  5  feet  below  and  8  feet 
east  of  rail.    Elevation,  151™.9W6. 

U.  S.  P.  B.  M.  14  is  top  of  copper  bolt  leaded  vertically  in  top  surface  of  stone,  form- 
ing west  end  of  north  pier  to  railroad  bridge  over  North  River.  Bolt  is  8  inches  from 
north  edge  of  stone,  2  feet  from  west  edge,  and  14  inches  from  base  of  stmt.  Eleva- 
tion, ir>0".80H5. 

U.  8.  P.  B.  M.  15  is  copper  bolt  leaded  vertically  in  stone  pt>8t  set  in  northeast  corner  of 
cnlti vatsd  field,  5  meters  from  wagon  road,  15  meters  west  of  railroad,  20  meters  from 
north  one  of  two  elm  trees  standing  alone  in  wagon  road,  fence  forming  line  between 
woods  and  cultivated  ground,  466  meters  north  of  Hilton  Station.    Elevation,  149«».7508. 

U.S. P.  B.  M.  16  is  copper  bolt  leaded  horizontally  in  face  of  natural  rock  at  east 
entrance  of  tunnel  at  Missouri  end  of  railroad  bridge  at  Hannibal,  Mo.    Bolt  is  in 
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rock  facing  east  and  on  south  side  of  tunnel,  7  feet  south  of  entrance  and  about  4  feet 
above  road  level.    Elevation,  155^.2651. 

U.  S.  P.  B.  M.  17  is  copper  bolt  leaded  vertically  in  top  surface  of  east  stone  of  north 
abutment  of  small  railroad  bridge  1  mile  below  Hannibal,  Mo.,  and  .50  meters 
northeast  of  house  of  Mr.  Johnson.     Elevation,  147^.8009. 

U.  S.  P.  B.  M.  18  is  copper  bolt  leaded  vertically  in  top  of  top  course  of  masonry  at 
'  river  side  of  north  end  of  principal  abutment  of  railroad  bridge  across  Lick  Creek, 
800  meters  below  depot  at  Saverton,  Mo.     Elevation,  147™.3d01. 

U.  S.  P.  B.  M.  19  is  marking-stone  planted  in  corner  of  yard  of  Catharine  Hayes,  6 
miles  south  of  Saverton,  1-^  miles  above  Ashburu.  Stone  is  8  meters  southwest  of 
southwest  corner  of  house,  and  25  meters  from  river  bank,  a  little  below  dam  at  Gil- 
bert's Island.     Elevation,  151«.7497. 

U.  S.  P.  B.  M.  20  is  copper  bolt  set  vertically  in  top  of  marking-stone  set  on  line 
of  rail  fence  8  meters  east  of  large  maple  tree  on  east  bank  of  small  creek  bed,  3  meters 
north  of  bridge  over  creek.  Stone  is  7  meters  south  of  wagon  road,  17  m6ter»  west 
of  railroad,  23  meters  south  of  south  corner  of  house  of  Mr.  Warner,  and  i  mile  north 
of  Ashburn,  Mo.     Elevation,  150".5762. 

U.  S.  P.  B.  M.  21  is  marking-stone  planted  in  east  edsre  of  cultivated  field  about  77 
meters  from  south  bank  of  Salt  River,  at  place  where  Keokuk  and  Saint  Louis  Railroad 
crosses  the  river.  Stone  is  set  about  15  meters  to  the  west  of  track,  nearly  opposite 
the  south  end  of  the  trestle  on  south  end  of  bridge.    Elevation,  145^.2055. 

U.  S.  P.  B.  M.  22  is  copper  bolt  leaded  vertically  in  marking-stone  in  southwest 
fence  corner  of  fence  running  east  and  west  and  one  south.  South  fence  stops  at 
comer,  and  begins  again  10  meters  farther  east,  on  east  and  west  fenced.  Stone  is  20 
meters  west  of  railroad  and  50  meters  above  month  of  Salt  River.   Elevation,  148**^.9803. 

U.  S.  P.  B.  M.  23  is  copper  bolt  leaded  horizontally  in  first  layer  of  stone  below 
brick  in  northeast  fiice  of  brick  saloon  on  the  northwest  comer  of  Water  and  Main 
streets,  Louisiana,  Mo.  Bolt  is  in  second  stone  north  of  door  in  same  wall  of  building. 
Elevation,  148™.9719. 

U.  S.  P.  B.  M.  24  is  copper  bolt  set  vertically  in  top  surface  of  top  stone  forming 
the  northeast  comer  of  the  west  abutment  of  railroad  bridge  over  Mississippi  River 
at  Louisiana,  Mo.  Top  of  bolt  is  even  with  the  surface  of  the  stone.  Elevation^ 
148"».e907. 

U.  S.  p.  B.  M.  25  is  center  of  hole  in  copper  bolt  in  side  of  natural  rock  7  meters 
south  of  railroad,  9  tneters  north  of  oak  tree,  14  inches  in  diameter,  on  bank  above, 
500  meters  below  railroad  bridge  across  gully,  and  6,000  meters  below  railroad  bridge 
across  Mississippi  River  at  Louisiana,  Mo.  Five  notches  cut  in  tree.  Elevation, 
147«2828. 

U.  S.  P.  B.  M.  26  is  copper  bolt  leaded  vertically  in  top  of  marking-stone  set  at 
intersection  of  two  fences  on  south  side  of  lane  and  west  of  railroad.  Lane  is  5  metei^ 
wide.  The  north  fence  stops  before  it  reaches  as  far  east  as  the  south  fence.  A  small 
creek  is  3  meters  north  of  the  north- fence.  A  row  of  apple  trees  is  just  inside  the 
north  fence.  Stone  is  5i  meters  west  of  railroad  and  15  meters  west  of  river ;  about 
60  meters  east  of  old  log-house  of  Peter  Yaeger,  and  about  3  miles  above  Clarksville, 
Mo.    Elevation,  146^.6472. 

U.  S.  P.  B.  M.  27  is  center  of  horizontal  copper  bolt  leaded  in  the  natural  rock  in 
side  of  small  bluff  bank  3i^eters  east  of  railroad  track,  below  wagon  road,  12  meters 
from  river  bank,  44i)  meters  above  vinegar  works  at  Clarksville,  Mo.,  and  120  meters 
below  mouth  of  Calumet  Creek.  It  is  between  railroad  and  house  of  Philip  Bedair. 
Elevation,  148».0183. 

IT.  S.  P.  B.  M.  28  is  copper  bolt  leaded  horizontally  in  the  southeast  comer  stone 
of  Carroll  House,  Clarksville,  Mo.  Stone  is  at  the  head  of  stairs  leading  to  basement. 
Bolt  is  set  in  south  face  of  stone  about  10  inches  above  the  sidewalk.  Elevation, 
146«».5610. 

U.  S.  P.  B.  M.  29  is  top  of  copper  bolt  leaded  vertically  in  top  surface  of  marking- 
stone  set  in  the  ground  5  meters  east  of  the  Sny  Levee,  opposite  Clarksville,  Mo., 
about  50  meters  east  of  ferry  landing  in  Calhoun  County,  Illinois.  Stone  is  220  meters 
along  the  levee  below  where  levee  crosses  chnt«.    Elevation,  142^.8844. 

U.  S.  P.  B.  M.  30  is  copper  bolt  leaded  vertically  in  top  surface  of  marking-stone  set 
in  the  ground  on  east  side  of  Sny  Levee  at  intersection  of  plantation  road,  on  south  of 
road,  which  crosses  levee  and  continues  to  the  river.  Levee  is  50  meters  east  of  river. 
A  large  elm  stump  6  feet  in  diameter  and  10  feet  tall  stands  in  the  road  20  meters 
west  of  levee.  Stone  is  opposite  Island  No.  463,  about  one-third  its  length  above  tivs 
lower  end,  and  about  3i  miles  below  U.  S.  P.  B.  M.  29,  opposite  Clarksville.  Elevation, 
142«.868l. 

U.  S.  P.  B.  M,  31  is  copper  bolt  leaded  vertically  in  top  of  marking- stone  set  on  east 
Bide  of  levee  at  its  base,  4  meters  east  of  the  middle  of  levee,  in  fence  comer  in- 
closing field  with  woods  on  north  side  and  levee  on  west  side.  It  is  about  100  meters 
east  of  river  and  175  meters  northwest  of  house  occupied  by  Mr.  Gain  and  owned  by 
Messrs.  Rock  and  Baker.    Elevation,  142"'.0102. 
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IJ.  S.  P.  B.  M.  32  18  conical  bole  in  top  surface  of  rock  projecting  from  side  of  wagon 
road,  al>out  half  way  np  8t«ep  hill  on  north  bank  of  small  stream,  10  meters  north 
of  middle  of  stone  culvert.  Rock  is  at  root  of  two  poplar  trees  growing  about  1 
foot  apart.  Bench  is  at  intersection  of  cross,  6  inches  from  west  edge  and  10  inches 
from  soath  edge  of  rock,  and  about  50  meters  east  of  east  shore  of  Hamburg  Bay. 
Elevation,  148«».«000. 

U.  S.  P.  B.  M.  33  is  top  of  copper  bolt  leaded  vertically  in  top  surface  of  natural 
rock  projecting  from  east  side  of  wagon  road  about  240  meters  south  of  house  of  Mr. 
BlackHUiith,  and  about  4  miles  north  of  Hamburg,  111.  The  bolt  is  18  ii^phes  from 
coruer,  and  10  inches  from  the  two  sides  of  the  stone,  only  one  corner  of  which  pro- 
jects.    Elevation,  163»°.0:J72. 

U.  S.  P.  B.  M.  34  is  copper  bolt  leaded  horizontally  in  the  north  face  of  natural  rock 
forming  south  side  of  the  first  creek  south  of  Hamburg,  Calhonn  County,  Illinois. 
Bench  is  about  120  meters  east  on  road  from  where  the  road  makes  a  sharp  bend  from 
south  to  east.  There  are  a  mill  and  two  houses  at  the  turn  of  the  road.  Bench  is 
about  5  meters  north  of  fence  around  orchard.  Bolt  is  about  1  foot  below  the  top 
surface  of  rock,  and  about  4^  feet  above  creek  bottom,  which  is  of  stone.  Rock  is  in 
layers,  the  bolt  being  in  top  layer.    Elevation,  141°^.6910. 

U.  S.  P.  B.  M.  35  IS  point  li  inches  from  south  comer  and  i  inch  from  east  side  of 
shore  line  triangulation  stone  set  by  Assistant  Engineer  John  Eisenmann.  Stone  is  38 
iseters  east  of  river  bank,  about  250  meters  below  Island  No.  482,  and  3^  meters  north 
west  of  large  elm  tree  marked  with  two  triangles  opposite  midway  between  two- 
houses  on  Westport  Island.    Elevation,  .139'".915l. 

U.  S.  P.  B.  M.  36  is  top  of  copper  bolt  leaded  in  the  top  of  marking-stone  set  about 
8  meters  from  the  river  bank,  on  the  Illinois  shore,  a  short  distance  south  of  a  point 
opposite  the  head  of  Islands  Nos.  487, 486,  and  485,  and  about  1,190  meters  aoove  ^are- 
houses  at  Red's  Landins,  Calhoun  County,  Illinois.  It  is  |  meter  south  of  lower  fence 
of  two  on  land  of  one  Ira  Lawson,  about  opposite  the  head  of  the  aforesaid  islands. 
and  about  50  meters  north  of  the  boundary  line  between  the  land  of  the  above-namea 
Ira  Lawson  and  the  land  of  one  John  M.  Lewis.     Elevation,  139°'.6604. 

U.  S.  P.  B.  M.  37  is  cross  about  in  the  middle  of  triangulation  stone  set  by  Assistant 
Engineer  John  Eisenmann  at  the  root  of  a  large  poplar  tree  about  10  meters  from 
small  hou*>e  and  5  meters  from  fence  surrounding  house.  The  house  is  opposite  tho 
foot  of  Sterling  Island.     Elevation,  139'".5688. 

U.  S.  P.  B.  M.  38  is  top  of  marking-stone  set  by  Assistant  Engineer  John  Eisen- 
mann H  meters  west  of  foot  of  svcamore  tree  blazed  and  marked  with  a  triangle. 
Stone  is  50  meters  east  of  river  bank  and  27  meters  east  of  road  running  to  Hogville. 
It  is  about  800  meters  south  from  Church's  Landing,  and  about  400  meters  north  from 
warehouses  at  Hogville  Landing,  Calhonn  County,  Illinois.    Elevation.  138*".7069. 

U.  S.  P.  B.  M.  39  is  top  of  copper  bolt  leaded  vertically  in  tup  of  marking-stone  set 
in  the  ground  i  meter  inside  the  fence  on  the  west  side  of  the  field  of  J.  H.  Eildemann,. 
about  lUO  meters  north  frf>m  upper  landing  warehouse  at  Turner's  Lauding,  Calhoun 
County,  Illinois.     Elevation  i:<9™  5747. 

U.  S.  P.  B.  M.  40  is  top  of  triangulation  shore  line  marking-stone  set  by  Assistant 
Engineer  .John  Eisenmann  about  90  meters  back  from  Illinois  bank  of  Mississippi 
River,  about  600  metern  south  of  foot  of  Island  No.  197,  and  about  2,900  meters  south 
from  the  lower  Turner's  Landing  warehouse.    Elevation,  138^.6351. 

U.  S.  P.  B.  M.  41  is  center  of  copper  bolt  leaded  horizontally  in  solid  sand  rock 
above  and  back  of  the  road,  74  meters  east  and  below  top  of  a  hill  at  point  of  bluff  at 
West  Point,  Calhoun  County,  Illinois,  facing  the  north.  It  is  about  1  meter  above 
level  of  road,  and  is  about  150  meters  around  the  point  from  the  warehouse  at  West 
Point    filevation,  141«.9(I61. 

U.  8.  P.  B.  M.  42  is  center  of  copper  bolt  leaded  horizontally  in  the  north  face  of 
large  bowlder  rock,  imbedded  partly  in  the  ground  about  40  meters  around  east  from 
northwest  comer  of  the  bluff  rocks  below  Hastings'  Landing,  Calhoun  Co.,  111., 
about  225  meters  below  warehouse  on  the  land  of  G.  B.  Brown.  It  is  third  larco 
bowlder  at  foot  of  hill  on  the  north  side  of  corner  west  from  the  top  of  bank  of  small 
branch  that  empties  in  the  river  below  the  warehouse,  and  is  about  8  meters  east 
from  fence  that  leads  about  southwest  from  the  east  side  of  warehouse  at  landing. 
Elevation.  141».0663. 

U.  8.  P.  B.  M.  43  is  center  of  copper  bolt  leaded  horizontally  in  the  west  face  of 
bluff  rock  about  2^  meters  underneath  where  the  upper  surface  of  rocks  commence  to- 
be  exposed  at  the  foot  of  the  hill,  about  20  meters  around  north  on  west  side  of  hill 
from  southwest  projecting  comer  of  the  bluffs  on  the  north  side  of  the  valley,  second 
one  north  of  Martin's  Landing,  Calhoun  Co.,  111.,  and  first  one  south  of  valley  where 
John  Zarley  lives.     Elevation,  138*°.90O3. 

U.  S.  P.  B.  M.  44  is  center  of  horizontal  copper  bolt  set  in  solid  bluff  rook  facing 
north we«t  about  900  meters  south  of  Martin's  Landing,  and  about  1,300  meters  north 
of  Miller's  Landing,  Calhoun  Co.,  111.  It  is  about  500  meters  below  a  dwelling-house. 
The  bolt  is  in  the  upi>er  stratum  of  exposed  rock.    Elevation^  138^.7755. 
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U.  S.  p.  B.  M.  45  is  centei  of  horizontal  copper  bolt  leaded  in  solid  bluff  rock  at 
Thomas'  Landing,  Calhoun  Co.,  111.  The  bolt  is  between  the  east  end  of  the  coke 
furnace  and  the  river,  and  about  40  meters  above  the  trestle- work  of  the  coal  mine. 
Elevation,  137».0149. 

U.  S.  P.  B.  M  46  is  center  of  copper  bolt  leaded  horizontally  in  the  west  end  of  solid 
rock  at  the  southern  edge  of  cultivated  field,  20  meters  from  water's  edge  at  high 
water,  335  meters  west  of  Frank  Herchmeyer's  dwelling-house,  and  one  mile  below 
Dixon's  Landing,  Calhoun  Co.,  111.     Elevation,  144"\6715. 

U.  S.  P.^.  M.  47  is  center  of  copper  bolt  leaded  horizontally  in  solid  bluff  rock  about 
12  met-ers  above  water  edge,  at  nigh  water,  :)50  meters  north  of  Point  Landing,  25 
meters  north  of  small  stone  ice  house  Ijelonging  to  Joseph  Navar,  about  5  meters  be- 
low top  of  bluff  rock,  and  about  250  meters  u  rtheast  of  Joseph  Navar's  dwelling- 
house,  in  Calhoun  Co.,  111.     Elevation,  137°<.8355. 

DBSCRIPnON  OF  PISRMAKENT  BENCH-MARKS  BVTWBSN  KEOKUK,  iOWA,   AND  FULTON, 

ILL. 

U.  S.  P.  B.  M.  1  is  top  of  copper  bolt  leaded  vertically  in  coping  of  west  wall  of 
sluice-way  at  south  end  of  middle  canal  lock,  2  miles  above  Keokuk,  Iowa.  Eleva- 
tion, 158™.9537. 

U.  S.  P.  B.  M.  2  is  top  of  brass  bolt  leaded  vertically  in  top  of  coping  of  west  wail 
near  southwest  tower  of  guard-lock  at  Nashville,  Iowa.  Marked  U.  S.  P.  B.  M.  Ele- 
vation, 160".8893. 

U.S.  P.  B.  M.  3  is  at  Montrose,  Iowa.  It  is  center  of  hole  in  copper  bolt  leaded  hori- 
zontally in  upper  foundation  stone  of  brick  store  building  on  south  corner  of  Bfain 
and  Cellar  streets.    It  is  on  the  east  side,  3  feet  from  north  corner.    Marked  U.  S.  P. 

B.  M.    Elevation,  167«.7492. 

U.  S.  P.  B.  M.  4  is  top  of  copper  bolt  leaded  vertically  in  top  of  west  end  of  south 
abutment  of  C,  B.  &  Q.  R.  R.  bridge  over  Painter  Creek,  I  mile  south  of  Viele  Station, 
Iowa.    Marked  U.  S.  P.  B.  M.    Elevation,  171™.6681. 

U.  S.  P.  B.  M.5  is  top  of  copper  bolt  leaded  vertically  in  northeast  corner  stone  of 
middle  pier  of  C,  B.  &  Q.  R.  R.  bridge  over  Little  Devil's  Creek,  one-half  mile  south  of 
Viele  Station,  Iowa.    Marked  U.  S.  P.  B.  M.     Elevation,  169'n.6603. 

U.  S.  P.  B.  M.  6  18  top  of  copper  bolt  leaded  vertically  in  top  of  stone  abutment  of 

C,  B.  &  Q.  R.  R.  bridge  over  Devil's  Creek,  one-half  mile  north  of  Vjele  Station,  Iowa. 
Marked  U.  S.  P.  B.  M.    Elevation,  171«.3714. 

U.  S.  P.  B.  M.  7  is  at  Fort  Madison,  Iowa.  It  is  top  of  copper  bolt  loaded  vertically 
in  water-table  of  the  Central  Hotel  on  Front  Street,  near  the  depot.  It  is  near  the 
center  of  the  building  on  the  south  side.    Marked  U.  S.  P.  B.  M.    Elevation,  168°*.9910. 

II.  S.  P.  B.  M.  H  is  at  Fort  Madison,  Iowa.  It  is  center  of  hole  in  copper  bolt  set 
horizontally  in  middle  of  west  side  of  brick  Chimney  of  wooden- ware  factory  on  north- 
east corner  of  Front  and  Broadwav  streets.  Bolt  is  3  feet  above  base  of  chimney. 
Building  owned  by  W.  H.  Cretzinger.    Marked  IT.  8.  P.  B.  M.    Elevation,  170«.56*28. 

U.  S.  P.  B.  M.  9  is  on  brick  house  of  James  Gibbs,  4  miles  above  Fort  Madison,  Iowa. 
It  is  center  of  hole  in  copper  bolt  leaded  horizontally  in  top  foundation  stone  on 
south  side,  3  feet  from  southeast  corner.  House  stands  about  150  meters  west  of  C, 
B.  ds  Q.  R.  R.  track.    Marked  U.  S.  P.  B.  M.    Elevation,  172«>.490B. 

U.  S.  P.  B.  M.  10  is  on  eaat  abutment  of  C,  B.  <&  Q.  R.  R.  bridge  over  Skunk  River,  9 
miles  north  of  Fort  Madison,  Iowa.  It  is  top  of  copper  bolt  lefMed  vertically  in  north 
end  of  abutment.    Marked  U.  S.  P.  B.  M.    Elevation,  173<».1240. 

U.  S.  P.  B.  M.  11  is  on  stone  building  known  as  Patterson's  grocery,  3^  miles  south  of 
Burlington,  Iowa,  on  south  side  of  C.,  B.  dt  Q.  R.  R.  It  is  center  of  bole  in  copper 
bolt  set  horizontally  on  north  side,  near  northeast  corner,  2^  feet  from  the  ground. 
Marked  U.  S.  P.  B.  M.    Elevation.  170".7091. 

U.  S.  P.  B.  M.  12  is  2i  miles  south  of  west  end  of  Burlington  R.  R.  bridge,  in  natural 
rock,  on  line  of  C,  B.  &,  Q.  R.  R.  It  is  700  meters  south  of  trestle  near  saw-mill,  is  4 
meters  from  centre  of  track  and  |  meter  above  track.  It  is  center  of  hole  in  copper 
bolt  leaded  horizontally  in  base  of  limestone  bluff  near  end  of  cut.  Marked  U.  S.  P. 
B.  M.     Elevation,  168'".1657, 

U.  S.  P.  B.  M.  13  is  on  north  end  of  west  abutment  of  the  C,  B.  &  Q.  R.  R.  bridge  over 
Mississippi  River  at  Burlington,  Iowa.  It  is  top  of  copper  bolt  leaded  vertically  in 
abutment.    Marked  U.  S.  P.  B.  M.    Elevation,  171'°.398S. 

U.  S.  P.  B.  M.  14  is  on  north  end  of  east  abutment  of  same  bridge.  It  is  top  of  copper 
bolt  leaded  vertically  in  abutment.  Marked  U.  8.  P.  B.  M.  Mackenzie  B.  M.  49  is  on 
same  abutment,  and  is  6  millimeters  above  U.  S.  P.  B.  M.  14.    Elevation,  171°^.4352. 

U.  S.  P.  B.  M.  15  is  on  east  abutment  of  C,  B.  &  Q.  R.  R.  bridge  over  Prairie  Slough, 
about  2  miles  above  the  east  end  of  bridge  across  the  Mississippi  River  at  Burlington. 
It  is  top  of  copper  bolt  leaded  vertically  in  north  end  of  abutment.  Marked  U.  S.  P. 
B.  M.    Elevation,  167».6764. 

U.  S.  P.  B.  M.  16  is  on  north  end  of  west  abutment  of  trestle  Ko.  59,  about  4^  milea 
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north  of  the  east  eud  of  the  Burlington  bridge,  on  the  Hue  of  the  C,  B.  &  Q.  R.  R. 
It  is  top  of  copper  bolt  leaded  vertically  in  abutiueiit.  Marked  U.  S.  P.  B.  M.  Eleva- 
tion, 168".  1635. 

U.  8.  P.  B.  M.  17  is  on  Robt.  Moires  brick  store  building  at  Oquawka,  111.  It  is  center 
of  hole  in  copper  bolt  leaded  horizontally  in  stone  piflar  at  southwest  corner,  about 
2  feet  above  the  water-table  The  bnildine  standn  on  the  northwest  corner  of 
Schuyler  and  Secx»ud  Btreets,  iind  is  also  used  for  the  Journal  oflSce.  Marked  U.  S. 
P.  B.  M.    Mackenzie  B.  M.  48  is  on  step  of  same  building.     Elevation,  169™.5262. 

U.  S.  P.  B.  M.  18  is  on  brick  building  on  the  southeast  comer  of  Third  and  Schuyier 
strerta,  at  Oquawka,  111.  It  is  center  of  hole  in  copper  bolt  set  horizontally  on 
west  side  of  northwest  comer,  2|  feet  above  the  ground.  Marked  U.  S.  P.  B.  M.  Ele- 
vat  ion,  173".  1367. 

U.  S.  P.  B.  M.  19  is  on  brick  building  on  the  northwest  corner  of  Main  and  Second 
streets,  Keithsburg,  III.  It  is  top  of  copper  l>olt  leaded  vertically  in'stone  step  on 
the  Nonth  side  of  the  building,  and  marked  U.  S.  P.  B.  M.  The  building  is  owned  by 
Mr.  Parsons,  and  used  for  a  furniture  store.     Elevation,  170'*^6252. 

V.  S.  P.  B.  M.  20  is  on  step  of  Mr.  Rife's  brick  dwelling  on  the  northwest  corner 
of  Main  and  Fiftli  streets,  Keithsbnrg,  111.  It  is  top  of  copper  bolt  leaded  vertically 
*n  the  southwest  comer  of  upper  stone  step  on  south  side  of  nouse,  and  is  not  marked. 
Elevation,  173™.6488. 

U.  S.  P.  B.  M.  21  is  on  foundation  of  water-tank  2  miles  east  of  New  Boston,  111., 
in  line  of  C,  B.  &  Q.  R.  R.  It  is  center  of  hole  in  copper  bolt  set  horizontally  on 
west  side  of  tank,  under  a  strut,  below  top  of  foundation.  It  is  150  meters  east  of 
covered  railroad  bridge  over  Edwards'  River.  Marked  U.  S.  P.  B.  M.  Elevation, 
175".2e22. 

U.  S.  P.  B.  M.  22  is  on  foundation  of  Keokuk  Northern  Line  Packet  Company's 
warehouse  at  New  Boston,  111.  It  is  center  of  hole  in  copper  bolt  set  horizontally 
in  north  wall  near  the  northeast  corner  in  top  of  stone  foundation,  0.7  meter  from 
ground.     Marked  U.  S.  P.  B.  M.    Elevation,  172«'.2639. 

U.  S.  P.  B.  M.23  is  on  Union  Hotel,  New  Boston,  111.  It  is  center  of  hole  in  copper 
bolt  set  horizontally  in  north  wall,  0.4  meter  from  the  northeast  cohier  and  1.1  meters 
from  ground.     Marked  U.  S.  P.  B.  M.     Elevation,  180«».0117. 

I  J.  S.  P.  B.  M.  24  is  on  top  of  southeast  comer  of  stone  foundation  of  tall  chimney  of 
old  saw-niill  at  Port  Louisa,  Iowa.  Mill  now  torn  down.  This  is  the  same  bench-mark 
as  Mackenzie  B.  M.  45.    Elevation,  172in.3074. 

U.  S.  P.  B.  M.  25  is  top  of  stone  set  in  ground  22  meters  south  of  gate  lea<ling  to  Esq. 
Walton's  house,  7^  miles  south  of  Muscatine,  Iowa.  Stone  is  a  height  of  high  water  of 
1851,  is  8  meters  north  of  wagon  road,  and  15  meters  fh>m  edge  of  river  bank.  A 
block  is  set  over  the  stone,  three  marking-stakes  set  3  feet  off,  and  thrt^e  small  black 
locust  trees  blazed  near  by.  Stone  is  said  to  have  been  set  by  Major  Allea  several 
years  ago.  Top  of  stone  is  about  1  foot  below  the  surface  of  the  ground.  Elevation, 
172».001O. 

U.  S.  P.  B.  M.  26  is  t)n  briok  foundation  of  Mr.  £.  Beatty's  dwelling  on  right  bank  of 
river,  about  7  miles  below  Muscatine,  Iowa.  It  is  center  of  hole  m  copper  bolt  set  hori- 
zontally in  east  side  of  northeast  comer  of  foundation.  Marked  U.  S.  F.  B.  M.  Eleva- 
tion, 173«».2544. 

U.  &  P.  B.  M.  27  is  on  brick  chimney  of  Hershey's  lower  saw-mill,  Muscatine,  Iowa.  It 
is  center  of  hole  in  copper  bolt  set  horizontally  on  the  middle  of  the  east  face  of  chim- 
ney, ab^mt  3  feet  above  ground.    Marked  U.  S.  P.  B.  M.    Elevation,  173°*.8371. 

V.  S.  P.  B.  M.  28  is  on  water-works  chinmey,  at  Muscatine,  Iowa.  It  is  center  of  hole 
in  copper  bolt  set  horizontally  in  north  face  of  chimney,  about  l.l  meters  from  the 
gronnd.     Marked  U.  8.  P.  B.  M.    Elevation,  174™.2968. 

r.  S.  P.  B.  M.  29  is  on  north  abutment  of  wagon  bridge,  50  meteis  north  of  station  at 
Muscatine,  Iowa.  It  is  top  of  copper  bolt  set  vertically  in  northeast  comer  of  abut* 
ment.    Marked  U.  8.  P.  B.  M.    Elevation,  174".4:M9. 

V.  S.  P.  B.  M.  30  is  on  abutment  of  C,  R.  I.  dc  P.  R.  R.  bridge,  3  miles  north  of  Musca- 
tine, Iowa.  It  is  top  of  copper  bolt  set  vertically  in  top  of  ntone  coping  of  south  end 
of  west  abutment.     Marked  U.  S.  P.  B.  M.     Elevation,  174'n.7935. 

V.  S.  P.  B.  M.  31  is  on  abutment  of  C,  R.  I.  &  P.  R.  R.  bridge  over  Sweetland  Creek, 
aboat  5  miles  north  of  Muscatine,  Iowa.  It  is  top  of  copper  bolt  leaded  vertically  in 
west  end  of  north  abutuieut.    Marked  U.  S.  P.  B.  M.    Elevation,  174*".5547. 

r.  S.  P.  B.  M.  :i2  is  in  natnral  rock  on  line  of  C,  R.  I.  and  P.  R.  R.,  about  6  miles  above 
MiiKcatine,  Iowa.  It  is  center  of  hole  in  copper  bolt  set  horizontally  in  face  of  rook, 
where  it  has  been  blasted  off  for  railroad  bed.  It  is  4  feet  above  the  track,  20  feet 
north  of  Cf^nter  of  track,  and  740  meters  w^est  of  bridge  77.  Marked  U.-S.  P.  B.  M. 
Elevation,  177™.18H1. 

U.  S.  P.  B.  M.33  is  on  foundation  of  pottery  owned  by  John  Feasted,  at  Fairport, 
Iowa.  It  lb  center  of  hole  in  copper  bolt  set  horizontally  in  west  side,  near  south- 
west comer  of  stone  foundation.  This  pottery  is  about  350  meters  above  railroad 
station  and  near  the  river  hank.    Marked  U.  S.  P.  B.  M.    Elevation,  175^.3891. 
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U.  S.  p.  B.  M.  34  is  on  middle  pier  of  bridge  over  Pine  Ci:eek,  about  2  miles  north  of 
Montpelier,  Iowa,  on  the  line  of  the  C,  H.  I.  und  P.  R.  R.     It  is  top  of  brass  bolt  leaded 
vertically  in  north  end  of  pier.     Bridge  is  No.  60.    Marked  U.  S.  P.  B.  M.    Elevation, 
175«.09y8. 

U.  8.  P.  B.  M.  35  is  on  south  pier  of  C,  R.  I.  and  P.  R.  R.  bridge  No.  52,  I  kilometer 
south  of  MoDtpelier,  Iowa.  It  is  top  of  brass  bolt  set  vertically  in  west  end  of  pier. 
Marked  U.  8.  P.  B.  M.    Elevation,  178«.211l. 

U.  8.  P.  B.  M.  35  a  is  on  west  abutment  of  C,  R.  I.  and  P.  R.  R.  bridce  No. 45,  about  | 
mile  east  of  the  depot  at  Montpelier,  Iowa.  It  is  top  of  brass  bolt  leade<l  vertically 
in  south  end  of  abutment     Marked  U.  S.  P.  B.  M.     Elevation,  175«J.9233. 

U.  S.  P.  B.  M.  36  is  on  Wm.  Karge's  brick  store  and  post-office  building  at  Buffalo, 
Iowa.  It  is  center  of  hole  in  brass  bolt  leaded  horizontally  in  the  east  side,  near 
southeast  corner,  3  feet  above  the  foundation.  The  building  is  on  the  northwest  corner 
of  Hecker  an?l  Second  streets.    It  is  unmarked.     Elevation,  I78*'.4006. 

U.  8.  P.  B.  M.  37  is  on  foundation  of  brick  house  of  Eliza  M.  Dodge,  i  mile  east  of 
Buffalo,  Iowa.  It  is  center  of  hole  in  brass  bolt  set  hprizoutally  in  upper  foundation 
stone  on  west  side,  near  southwest  corner,  about  1  meter  from  ground.  House  stands 
about  100  meters  north  of  line  of  C,  R.  I.  and  P.  R.  R.  Marked  U.  S.  P.  B.  M.  Eleva- 
tion, 179n».4669. 

U.  S.  p.  B.  M.  t)8  is  on  foundation  of  vinegar  works  at  lower  end  of  West  Daven- 
port, Iowa,  near  the  river  bank.  It  is  center  of  brass  bolt  set  horizontally  in  west 
side,  near  the  southwest  comer,  about  0.4  meters  from  ground.  Marked  U.  8.  P.  B.  M. 
Elevation,  17»>".0291. 

U.  8.  P.  B.  M.  39  is  on  north  abutment  of  Rock  Island  and  Davenport  Railroad 
bridge  over  the  main  channel  of  the  Mississippi  River.  It  is  top  of  copper  bolt  leaded 
vertically  in  coping  of  east  or  upper  side  of  abutment,  on  a  plane  with  the  sidewalk. 
It  is  4.1  meters  from  river  face  of  abutment,  and  0.1  meter  inside  of  railing.  Marked 
U.  8.  P.  B.  M.    Elevation,  180".8749. 

U.  8.  P.  B.  M.  40  is  on  base  of  stone  tower  of  U.  8.  arsenal  stone  building,  A,  1865, 
at  lower  end  of  Arsenal  Island.  It  is  center  of  hole  in  copper  bolt  leaded  horizontally 
in  east  side  of  noriheast  comer,  about  4  feet  from  the  ground.  Marked  U.  8.  P.  B.  M. 
Elevation,  182".1139. 

U.  8.  P.  B.  M.  41  is  on  foundation  of  the  Atlantic  Brewery,  near  C.  R.  I.  and  P.  R. 
R.  depot  at  Rock  Island,  111.  It  is  center  of  hole  in  copper  bolt  set  horizontally  in 
upper  foundation  stone  on  the  north  side  at  the  northeast  corner.  Marked  U.  8.  P.  B. 
M.    Elevation,  183".3053. 

U.  8.  P.  B.  M.  42  is  on  south  abutment  of  wagon-bridge  crossing  from  Moline,  111., 
to  head  of  Rock  Island.  It  is  top  of  copper  bolt  set  vertically  on  east  end  of  abutmeut. 
Marked  U.  8.  P.  B.  M.     Elevation,  179°».5708. 

U.  8.  P.  B.  M.  43  is  on  brick  basement  of  H.  Smith's  dweNing-honse  at  Watertown, 
111.  It  is  center  of  hole  in  copper  bolt  leaded  horizontally  in  the  west  side  near  the 
northwedt  comer.  The  house  stands  50  meters  southeast  of  the  C,  M.  and  St.  P.  R. 
R.  depot.    It  is  markerf  U.  8.  P.  B.  M.    Elevation,  1H1«».4283. 

U.  8.  P.  B.  M.  44  is  on  brick  school-house  at  Hampton,  Iowa.  It  is  center  of  bole 
in  copper  bolt  set  horizontally  0.5  meters  from  ground  on  east  side  near  southeast 
comer  of  large  new  public-school  building.  It  is  marked  U.  8.  P.  B.  M.  Elevation, 
182".998a 

U.  8.  P.  B.  M.  45  is  on  stone  foundation  of  Baker  and  Hay  ward's  brick  store  build- 
ing on  levee  at  Hampton,  III.  It  is  center  of  hole  in  cupper  bolt  leaded  horizontally 
in  north  side  of  northwest  comer  of  building,  and  is  at  the  H.  W.  mark  of  1880. 
Marked.  U.  8.  P.  B.  M.    Elevation,  179«.9437. 

U.  8.  P.  B.  M.  46  is  on  stone  foundation  of  H.  M.  Gilchrist's  brick  store  building  at 
Rapids  City,  111.  It  is  center  of  hole  in  copper  bolt  leaded  horizontally  in  west  side 
of  northwest  comer,  4  feet  above  ground.  Tne  building  is  on  the  river  bank.  Marked 
U.  8.  P.  B.  M.    Elevation,  181«.Sll6. 

U.  8.  P.  B.  M.  47  is  on  abntment  of  bridge  of  O  ,  M.  and  St.  P.  R.  R.  over  BarberV 
Creek,  f  mile  south  of  Port  Byron,  111.  It  is  top  of  copper  bolt  leaded  vertically  in 
west  end  of  north  abutment.    Marked  U.  8.  P.  B.  M.    Elevation,  18*^.9513. 

U.  8.  P.  B.  M.  48  is  on  foundation  of  Mr.  N.  Dorrance's  brick  store  building  at  Port 
Byron,  III.  It  is  center  of  hole  in  copper  bolt  leaded  horizontally  in  west  side  of  south- 
west comer  of  st'One  foundation,  and  marked  U.  8.  P.  B.  M.  The  building  stands  be- 
tween Main  street  and  the  R.  R.  track,  and  about  75  feet  from  the  river  bank.  Ele- 
vation, 183'n.4013. 

U.  8.  P.  B.  M.  49  is  on  iron  doorstep  of  new  brick  store  building  of  A.  H.  Wandt  at 
Port  Byron,  111.  It  is  t<op  of  north  bolt-head  of  front  n>w  of  bolts  on  south  doorstep 
on  east  side  of  building  on  east  side  of  Main  street.  Bolt-head  marked  with  a  cross 
cot  through  its  center  by  a  cold-chisel.  Marked  U.  8.  P.  B.  M.  on  bricks  below.  El- 
eTatiou,  185".  2033. 

U.  8.  P.  B.  M.  50  is  on  stone  warehouse  of  Northern  Line  Packet  Co.,  at  Cordova,  111. 
It  ifi  cepter  of  hole  in  copper  bolt  set  horizontally  in  south  side,  near  southwest  cor- 
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Her,  and  marked  U.  S.  P.  B.  M.  The  warehouse  stands  at  water's  edge,  and  the  bench 
i«  2  meters  below  high-water  mark.  Mackenzie  B.  M.  39  is  on  same  building.  El- 
evation. 181°".  0544. 

r.  S.  P.  B.  M.  51  ison stone  foundation  of  Wm.  G.  Marshall's  brick  elevator,  near  C,  M. 
and  St.  P.  R.  R.  depot  at  Cordova,  111.  It  is  center  of  hole  i  n  copper  bolt  set  horizontally 
in  north  face,  near  northwest  corner,  in  third  corner  stone  from  top  of  fouudatiou. 
Marked  U,  8.  P.  B.  M.    Elevation,  187™.  5145. 

U.  S.  P.  B.  M.  52  is  on  found  ition  of  brick  store  building  of  Harper  &  Son  at 
Albany,  111.  It  is  center  of  bole  in  copper  bolt  set  horizontally  in  west  side  at  south- 
west corner  of  building,  and  marked  U.  S.  P.  B.  M.  The  building  is  some  90  meters  from 
river,  and  fronts  on  the  main  business  street  of  the  town.  It  is  almost  directly  back 
of  their  old  brick  storehouse,  now  caving  into  the  river,  on  which  is  Mackenzie 

B.  M.  37.     Elevation,  187^.6990. 

(J.  8.  P.  B.  M.  53  is  on  base  of  a  large  shoulder  of  natural  rock  projecting  from  the 
bluffly  miles  north  of  Albany,  Til.  It  is  center  of  hole  in  copper  bolt  leaded  hori- 
zontally into  the  base  of  cliff  1  foot  above  g^rouud  and  about  3.5  meters  above  a 
wagon^road,  and  marked  U.  S.  P.  B.  M .  It  is  15  meters  east  of  wagon-road  and  90 
mereiH  east  of  C,  M.  and  St.  P.  R.  R.     Elevation,  18.sm.6009. 

U.  8.  P.  B.  M.  54  is  on  abutment  of  C,  M.  and  SK  P.  R.  R.  bridge,  2|  miles  north  of 
Albanv,  111.    It  is  top  of  copper  bolt  set  vertically  in  west  side  of  south  abutment. 
Marked  U.  8.  P.  B.  M.    Elevation,  182'^.29J5. 

U.  8.  P.  B.  M.  55  is  on  south  abutment  of  bridge  over  Cat  Tail  Creek  of  C,  M.  and 
St.  P.  R.  R.  It  is  top  of  capper  bolt  set  vertically  in  top  of  east  end  of  abutment. 
This  bridge  is  just  south  of  tne  line  of  the  C,  B.  and  Q.  R.  R.,  and  about  2  miles  south 
of  Fulton,  111.     Elevation,  I83n».2979. 

U.  8.  P.  B.  M.  56  is  on  east  end  of  north  abutment  of  C,  M.  and  St.  P.  R.  R.  bridge 
over  Cat  Tail  Creek,  2  miles  south  of  Fultoo,  III.,  and  about  200  meters  south  of 

C,  B.  and  Q.  R.  R.  crossing.  It  is  top  of  copper  bolt  set  vertically  in  top  of  abut- 
ment.    Elevation,  183»".68(S. 


C  1. 

REPORT   OF    AS8ISTAKT    ENOIKEBR    L.    L.   WHBELBR,    UPON    CC7MDLATIYS    ERRORS    IN 

PRECISE  LBVELIMO. 

Saimt  Louis,  October  6,  1883. 

Sir:  I  have  the  honor  to  submit  the  following  report  upon  the  results  of  investi- 
gations of  the  subject  of  cumulative  errors  in  leveling. 

This  investigation  was  commenced  some  time  since,  and  an  incomplete  report  made 
upon  the  results  obtained,  with  the  intention  of  completing  the  report  wnen  addi- 
tional data,  which  wa«  being  reduced,  should  be  available.  In  the  meantime,  con- 
siderable additional  iield-work  has  been  done,  under  instructions  from  yourself  to 
eoudnct  tbo  operations  in  such  a  manner  as  to  throw  additional  light  upon  the  sub- 
ject. The  notes  of  this  work  have  been  reduced,  and  the  results  show  either  that 
this  dificussion  has  had  a  practical  value  in  avoiding  operations  which  introduced 
snmroative  errors  in  the  work,  or  that  the  observers  had  attained  a  proficiency  not 
previously  shown. 

The  preliminary  report  has  been  read  by  those  interested  in  the  subject,  some  cor- 
rrrtions  have  been  noted,  and  some  sharp  criticisms  made.  I  have,  therefore,  in  writ- 
ing this  report,  had.  the  advantage  of  these  facts  and  the  additional  data  at  hand,  and 
hare  endeavored  to  show  more  clearly  that  the  results  of  leveling  operations  may 
be  affected  by  such  large  cumulative  errors  as  to  make  them  nnreliable,  and  that  these 
cnronlative  errors  may  be  avoided  by  proper  care  in  the  field-work. 

The  fact  that  errors  appear  in  the  results  of  leveling  which  are  nearly  constant  in 
«ign  and  amount,  has  frequently  been  noticed,  and  various  theories  have  been  ad- 
vanced to  suit  the  various  examples.  In  this  discussion  I  have  endeavored  to  ascer- 
tain some  general  law  to  apply  to  all  the  data  at  hand.  I  have  first  analyzed  the 
data  and  arranged  it  in  such  a  manner  as  to  bring  together  results  obtained  under 
conditions  to  allow  of  their  bein^  classed  together.  1  have  then  plotted  the  results 
to  show  more  clearly  the  basis  ot  my  assumption  of  the  general  law  from  a  study  of 
the  carves  thus  formed.  I  have  then  applied  the  law  to  the  examples  obtained  from 
the  results  of  leveling  along  the  Mississippi  River,  and  by  the  method  of  least 
ttfpiares  obtained  values  of  the  unknown  quantities  which  evidently  are  near  the 
tnith.  I  have  even  pointed  out  how,  sometimes,  frqm  the  results  of  the  levels  theni- 
M'l  ves  a  correction  to  the  final  result  is  shown  to  be  necessary,  and  the  probable  value 
or  that  correction. 

Tbo  only  absolute  control  that  can  be  obtained  upon  the  results  of  levelings  is  to 
have  the  levels  retam  to  the  starting  point,  or  to  level  in  a  polygon.  We  may,  how- 
ever, consider  any  line  leveled  by  the  same  observer  in  opposite  directions  to  be  a 
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polygon,  and  the  error  of  closing  upon  the  Btarting  point  is  the  Butn  of  all  the  errors 
committed  in  leveling  the  polygon. 

Should  it  happen  that  an  ohserver  had  closed  but  a  single  polygon,  we  would  be  in 
doubt  whether  the  error  of  closure  was  due  to  accidental  errors  or  to  some  general 
law,  unless  we  had  additional  evidence  in  the  oa*$e.  If,  however,  an  observer  had 
leveled  a  great  number  of  polygons,  and  the  errors  of  closure  showed  a  preponderance 
in  one  direction,  both  in  sign  and  amount,  the  existence  of  some  law  of  the  distribu- 
tion of  errors  of  that  observer  would  be  revealed.  At  the  same  time  it  niunt  be  re- 
membered that  the  results  are  also  affected  by  accidental  errors,  to  which  all  obser- 
vations are  subject,  which  in  any  particular  case  may  be  so  large  as  to  apparently 
exempt  the  observation  from  the  general  law.  In  a  series  of  observations,  however^ 
the  accidental  errors  will  be  nearly  counterbalancing,  while  the  existence  of  a  gen- 
eral law  will  become  more  evident  as  the  series  is  extnnded.  It  frequently  happt^ns, 
too,  in  a  number  of  consecutive  observations  of  any  kind,  that  the  arrangement  of  the 
accidental  errors  will  be  such  as  apparently  to  point  to  some  law  of  distribution,  but 
which  is  disproven  on  the  serief^  of  observations  being  further  extended.  In  this  dis- 
cussion only  extended  series  of  obaervations  have  been  used  to  base  conclusions  upon, 
less  extended  series  having  been  given  only  to  make  some  portions  of  the  disoussiou 
complete. 

In  order  to  more  clearly  show  the  presence  of  cumulative  errors  in  the  examples 
here  given ,  the  sums  of  the  errors  have  been  taken  at  each  point  in  the  line  and  plotted 
as  oraiuates,  with  the  distance  from  the  starting  x>oint  as  abscissas. 

By  this  arrangement,  however,  when  a  nnmoer  of  consecutive  accidental  errors 
have  the  same  sign,  the  result  has  been  to  move  the  curve  to  one  side  of  the  mean 
line  and  allow  it  to  remain  there  until  the  etfect  has  been  counterbalanced  by  acci- 
dental errors  of  the  opposite  sign.  TUis  fact  will  explain  the  sinusoidal  form  which 
some  of  the  curves  take.  This  must  be  true  to  a  greater  or  less  extent  in  any  series 
of  observations  where  the  errors  are  continually  summed,  as  has  been  the  case  here. 

What  has  been  said  in  regard  to  a  sin||^le  observer  leveling  lines  in  opposite  direc- 
tions, showing  the  presence  of  cumulative  errors,  is  also  true  of  different  observers 
leveling  the  same  lines ;  but,  in  the  latter  case,  only  the  relative  errors  would  be 
shown,  unless  each  closed  the  polygons.  An  example  is  given  on  page  425  of  **  Nivelle- 
fiient  de  Precision  de  la  Suissef"  or  two  observers  having  leveled  the  entire  perimeter 
of  a  polygon  of  275  kilometers  in  opposite  directions.  The  polygon  has  4  sides,  and  is 
divided  bv  bench-marks  of  the  first  order  into  40  sections.  The  discrepancies  between 
the  two  observers'  results  on  these  sections  are  30  positive,  S  negative,  and  2  equal  to 
zero,  and  the  total  discrepancy  between  the  two  observers  at  the  end  is  H-247™™.8. 
If  there  were  no  additional  evidence,  the  means  of  the  results  obtained  by  the  two 
observers  would  be  accepted  as  the  most  probable  values,  but  in  this  case  we  have 
additional  evidence.  The  first  observer  closed  the  polygon  with  2I9™™.2  too  great  an 
elevation,  and  the  second  with  an  elevation  also  too  great  by  28™'".6.  The  mean  of 
the  results  of  the  two  observers  failed  to  close  the  polygon  by  9.'>*°"^.3 ;  or  the  second 
observer's  result  was  nearer  the  truth  than  the  mean  of  both.  It  is  evident,  then, 
that  the  discrepancy  between  the  two  observers  is  mainly  caused  by  errors  of  the 
first  observer,  and  tnat  whatever  system  of  adjustment  may  be  applieid  to  this  poly- 
gon, the  first  observer's  results  must  receive  larger  corrections  than  those  of  the  sec- 
ond. It  is  evident  also  that  the  causes  of  the  first  observer's  errors  were  in  operation 
during  the  leveling  of  nearly  the  whole  polygon. 

On  Plate  I,  is  given  a  plot  of  the  discrepancies  between  the  north  and  south  lines 
leveled  by  Assistant  J.  A.  Paige  between  Columbus  and  Memphis,  and  between  Friar's 
Point  and  Prentiss. 

The  lines,  the  results  of  which  are  there  plotted,  are  not  consecntive,  but  are  scat- 
tered along  throughout  the  entire  distance,  which  is  about  404  kilometers.  They  are 
taken,  however,  in  the  order  in  which  they  occur.  The  abscissas  are  twice  the  suma 
of  the  lengths  of  the  lines,  or  the  sums  of  the  perimeters  of  the  polygons,  and  theordi- 
nates  are  the  sums  of  the  differences  between  noiiih  and  south  levelings.  The  dotted 
line  is  a  mean  line  put  in  by  inspection,  and  the  red  line  is  the  mean  Tine  determined 
by  the  least  square  reduction.  The  two  lines  represent  different  equations.  The 
points  plotted  in  red  are  the  actual  residuals  of  the  observation  equations,  and  may  be 
said  to  represent  the  accidental  errors  of  observation. 

On  Plate  II,  is  given  a  plot  of  the  discrepancies  between  north  and  south  lines  lev- 
eled by  L.  L.  Wheeler,  between  Austin  and  Friar's  Point,  Miss.  The  explanation  given 
above  applies  to  this  section,  except  that  in  this  example  the  lines  are  consecutive. 

On  Plate  III,  is  given  a  plot  of  discrepancies  between  north  and  south  lines  leveled  by 
Assistant  O.  W.  Ferguson  in  part  of  the  line  from  Grafton  to  Cairo,  111.  The  Ituea 
are  not  consecutive,  but  are  taken  in  the  order  in  which  they  occur.  There  were  more 
lines  levele<l,  but  the  reanlts  do  not  show  any  accumulation  of  error,  and  are  not  here 
given.  No  attempt  has  been  made  t>o  put  in  a  mean  line,  as  it  is  evident  that  a  straight 
line  would  not  answer  the  purpose. 

It  is  probable  that  the  change  in  rate  of  accumulation  of  error  is  due  either  to 
ehanges  in  methods  of  observing  or  to  changes  in  circumstances  under  which  the 
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work  was  done;  and,  as  these  changes  could  not  now  be  accurately  determined,  no 
discussion  of  this  example  has  been  attempted.  It  may  be  noticed,  however,  that 
the  errors  increase  faster  than  the  distances,  while  the  previously  accepted  theory  has 
been  that  they  should  increase  with  the  square  root  of  the  distances.  That  is,  theory 
would  make  the  curve  concave  toward  the  axis  of  abscissas,  while  in  reality  it  is 
convex. 

On  Plate  IV,  is  given  a  plot  of  discrepancies  betweefi  results  of  levels  by  J.  A.  Paige 
and  B.  D.  Frost,  over  lines  in  the  same  dirf  ction  between  Columbus  and  Memphis  and 
Friar's  Point  and  Prentiss.  The  lines  are  not  consecutive,  but  are  in  the  order  iu 
which  they  occur. 

On  Plat«  V,  is  given  a  plot  of  discrepancies  between  results  of  levels  by  J.  B.  John- 
son and  O.  W.  Ferguson  over  lines  in  opposite  directions  of  a  portion  of  the  line  from 
Keokuk  to  Grafton.  The  lines  given  are  consecutive.  The  remaining  portion  of  the 
line  shows  no  accumulation  of  errors,  and  is  not  here  given.  The  point  at  which  the 
divergence  between  the  two  observers  commences  is  1101^^.46  from  the  starting  point, 
and  the  divergence  continued  for  110  kilometers. 

Hitherto  alfattempts  to  arrive  at  a  value  of  the  precision  of  levels  have  been  based 
on  the  assoniption  that  the  errors  increase  with  the  square  root  of  the  distance 
leveled.  This  assumption  would  be  true  if  accidental  errors  were  the  only  ones  made, 
and  if  the  number  of^ observations  were  strictly  proportional  to  the  distance  leveled. 
Limitations  of  discrepancies  between  results  in  instructions  for  precise  leveling  have 
been  based  on  the  same  principle,  and  are  open  to  the  same  objection.  It  has  fre- 
quently been  noticed  that  while  the  resnitb  of  each  of  a  number  of  lines  leveled  were 
well  within  limits  which  were  prescribed  to  be  in  proportion  to  the  square  root  of  the 
distance,  yet  when  the  sum  of  several  lines  was  considered,  the  total  discrepancy 
would  exceed  the  limit  prescribed.  In  other  words,  the  errors  were  not  proportional 
to  the  square  root  of  the  distances  and  did  not  follow  the  law  of  distribution  of  acci- 
dental errors.    Plus  and  minus  errors  were  not  equally  prevalent. 

This  fact  is  conclusively  shown  by  results  given  on  the  plots  referred  to.  Numer- 
ous examples  of  this  unequal  distribution  of  errors  may  be  found  in  published  reports 
of  the  U.  S.  Lake  Survey,  and  in  the  results  of  levels  in  kSwitzerland,  Germany,  and 
British  India. 

An  examination  of  the  several  plots  shows  that  the  results  there  given  are  affected 
by  cumulative  errors,  that  these  errors  varv  in  sign  and  amount  with  different  observ- 
ersy  and,  with  the  exception  of  that  on  Plate  III,  that  they  are  nearly  if  not  quite  pro* 
poriional  to  the  distance  leveled.  Theoretically,  if  the  results  of  levels  were  anected  by 
a  constant  error,  the  effect  of  that  error  would  be  proportional  to  the  number  of 
observations  or  instrument  stations;  but  these  are  so  nearly  proportiona  to  the  dis- 
tance for  any  one  observer,  that  the  distance  has  been  substituted  for  the  number  of 
observations  in  this  discussion.  Since  the  cumulative  errors  vary  with  different  ob- 
servers, they  have  been  called  personal  errors. 

From  a  study  of  all  the  reliable  levels  at  hand,  we  are  led  to  believe  that  the  error 
of  closing  a  polygon  is  made  up  of  two  parts :  First,  a  constant  error  which  is  propor- 
tional to  the  perimeter,  and  may  be  determined  with  more  or  less  precision  from  all 
the  polygons  leveled ;  and,  second,  the  sum  of  the  accidental  errors  to  which  all  ob- 
servations are  subject.  Having  made  this  assumption,  what  follows  are  but  logical 
eonelosions  from  it,  and  the  proof  of  the  assumption  will  lie  in  the  results  obtained 
when  applied  to  practical  examples. 

Now,  let  2  K=eqnal  the  perimeter  of  a  polygon, 
n — «=:the  error  of  closing  the  p<^ygon, 
x=rthe  personal  error  of  the  observer, 
and  p=the  sum  of  the  accidental  errors  in  the  polygon. 

Then  each  polygon  would  give  an  equation  of  the  form 

(1)  2Kx— (»—•)  =  « 

mod  from  all  the  equations  we  would  obtain  the  normal  equation 

(2)  [4K9]  «— [2  K  (n--«)]  =  <>• 

In  the  same  manner,  if  two  observers  have  leveled  the  same  lines,  we  ma^  obtain 
their  realative  personal  equation.  If  they  have  leveled  the  lines  in  the  same  direction , 
we  obtain  the  difference  of  their  personal  errors,  and,  if  in  opposite  directions,  the 
sam  of  their  personal  errors. 

If  we  let  xf  represent  the  relative  personal  equation  of  the  two  observers,  then  each 
line  leveled  would  give  an  equation  of  the  form 

(3)  Ka/  — (n— «)  =  « 

in  which  K  equals  length  of  line,  and  (n — 9^  discrepancy  between  results.  From  all 
the  lines  leveled  we  would  obtain  the  normal  equation 

(4)  [K«]x'-[K(»-O]=0 

Since  in  equations  (2)  and  (4)  there  is  but  one  unknown  quantity  in  each  case,  the 
coefHcieots  [4  K']  and  [K^]  are  the  weights  of  the  unknown  quantities.    From  this  we 
that  the  personal  error  of  a  single  observer,  duplicating  his  work  in  opposite  dl- 
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rections,  can  be  determined  with  foar  times  the  precision  that  the  relative  personal 
equation  of  two  observers  can  be  obtained  from  the  same  lines  leveled  once  by  ea^h 
observer.  In  the  case  of  a  single  observer,  the  sigu  of  the  error  is  determined,  and 
the  error  eliminated  from  the  mean  of  results  in  both  directions,  while  with  two  ob- 
servers we  are  in  ignorance  as  to  the  sign  and  amount  of  the  error  made  by  each,  and 
hence,  of  the  error  remaining  in  the  mean,  nnless  we  have  additional  evidence.  From 
this  we  arrive  at  the  practical  conclusion  that  each  observer  should  duplicate  his  own 
work  in  oppomte  directions. 

Having  obtained  the  value  of  x  (or  x*)  from  equations  (2)  or  (4)  and  substituted  it 
in  the  several  equations,  the  several  values  of  v  are  obtained.  , 

Let  ro  =  probable  error  of  a  single  observation  upon  the  value  of  «, 

[w]  =  sum  of  the  squares  of  the  several  values  of  v, 

m  =  namber  of  observations  =  number  lines  leveled. 


<5)  Then,  r©  =  ±  0.6745 


Having  foand  ro  we  may  compute  the  probable  error  of  the  unknown  quantity  by 
the  formula: 

^")  '^^ ~  '.~  ,px being  the  weight  of  x. 

ypx 

The  formulee  obtained  above  relate  to  either  (2)  or  (4),  but  what  follows  relates  to 
{2)  alone.  Since  the  several  values  of  v  represent  the  accidental  errors  of  observa- 
tions, and  as  these  are  proportional  to  the  square  root  of  the  number  of  observations, 
we  have,  letting  n,  tta,  ns,  &c.,  represent  the  number  of  observations  (instrument 
stations.) 

111  Wa  II3  '*  Wm 

'Since,  however,  in  any  particular  case,  the  values  of  n  will  be  very  nearly  proportional 
to  the  distances,  we  may  write 

ri  Vi        Vi  Vq        Vz  Vz   ^^   _^  l*m  Vta 


2Ki~2K9""2K3  2K 


m 


The  expressions  ^^,  ^%?>  &©•>  represent  the  squares  of  the  errors  of  closing  of 

polygons  whose  perimeters  equal  unity,  which  is  here  taken  as  one  kilometer.  To 
tLnd,  then,  the  probable  error  of  closing  a  polygon  whose  perimeter  equals  one  kilo- 
meter, or  what  IS  the  same  thing,  the  probable  error  of  a  single  leveling  per  kilome- 
ter, we  have  " 

r  mav  be  taken  as  a  measure  of  the  precision  of  an  observer's  work,  but  in  compar- 
ing different  observers'  work  it  should  be  remembered  that  the  relation  of  n  to  2K  may 
be  quite  different  for  different  observers. 

One  observer  may  make  his  observations  under  such  conditions  as  to  necessitate  in 
the  mean  12  instrument  stations  per  kilometer,  and  the  other  may  only  make  6  in- 
strument stations  in  the  same  distance. 

r  being  the  probable  error  of  a  single  leveling  per  kilometer,  the  probable  error  of 

r 
the  mean  of  two  levelings  would  be  -y~-i»  and  the  probable  error  of  the  difference 

of  elevation  of  two  bench-marks  at  the  ends  of  a  section  consisting  of  m  lines  whose 
aggregate  length  was  [K]  would  be 

The  above  formulse  have  been  applied  to  the  results  of  the  levels  along  the  Missis- 
sippi River,  which  now  extend  from  Biloxi,  Miss.,  on  the  Gulf  of  Mexico, to  Fulton, 
111.,  a  distance  of  2,100  kilometers.     The  results  will  be  taken  up  in  sections  as  they 

*Tbe  above  formulie  for  compaliog  the  valaee  of  r  and  R  are  identical  in  form  with  those  siven  in 
"PrftciBion-Nevellement  der  Blbe/'  bnt  were  deiluced  hj  the  writer  before  he  was  aware  that  the  aame 
formale  had  previously  been  obtainecL  Their  use  here,  however,  is  rbstricted  to  examples  where  the 
leveling  haa  been  performed  by  ths  eame  obitervw  in  oppotUe  direetiom  and  the  personal  error  eliminated 
from  the  resnlts.  It  is  not  believed  that  the  formulss  for  cumpating  probable  errors  are  applicable  to 
the  results  of  levels,  except  that  the  above  conditions  are  ftilolled.  The  formaloB  for  personal  error 
and  the  method  of  treating  the  resnlta  in  order  to  arrive  at  an  estimate  of  the  precision  of  the  work  is 
believed  to  be  new. 
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were  leteled,  but  it  will  nor  ha  necessary  to  Rive  full  explauations  in  every  case.  As 
it  sometimes  happens  that  more  than  one  result  is  obtained  in  one  or  both  directions, 
the  uniform  rale  has  been  adopted  of  combining  tlie  mean  of  the  results  in  one  direc* 
tion  with  the  mean  of  the  results  in  the  other.  The  unit  of  length  is  one  kilometer, 
and  the  unit  of  vertical  measurement  i&  one  millimeter.  The  equations  have  been  so 
arranged  that  the  values  otx  have,  the  signs  of  corrections ;  when  positive  the  closing 
elevation  is  too  low,  and  when  minus  too  high. 

PRECISK  LEVELS  FROM  AUSTIN  TO  FRIAR'S  POINT,  MISS. 

This  section  is  43  kilometers  in  length,  and  the  results  of  the  leveling  are  published 
in  the  Report  of  the  Chief  of  Engineers  for  I87d,  page  1944.  All  lines  were  leveled 
in  opposite  directions  an  equal  number  of  times  by  the  same  observer,  and  the 
conditions  under  which  the  work  was  done,  aside  from  changes  of  weather,  may  be 
said  to  have  remained  nearly  the  same  throughout.  An  examination  of  the  table  of 
reeuits  shows  19  positive  and  9  negative  discrepancies,  and  one  equal  to  zero.  The 
sum  of  the  positive  discrepancies  exceeds  the  sum  of  the  negative  by  -)-  36™"^.3.  The 
snm  of  the  positive  discrepancies  is  4-  47°^™.6,  and  their  mean  size  -f-  2™™.50,  and  the 
sam  of  the  negative  discrepancies  —  11»™.3  and  their  mean  size  —  1™".26.  It  is  evi- 
dent the  discrepancies  are  quite  unequally  distributed,  both  with  regard  to  sign  and 
amount. 

Treating  the  results  of  this  section  by  the  method  previously  explained,  we  obtain 
the  following  values: 

328.22  z  — 164.05  =  0 

ap  =  -f-  0">».50  ±  0""».083 

[w]  =  4- 138.06 

To  =  ±  1"»™.50 

fx  =  ±  0»«.083 

r  =  ±  0«».88 

B  =  ±4»™.04 

To  express  these  results  in  words,  we  would  say  that  this  observer  makes  elevations 
too  low,  as  he  advances  by  -f  0^^.050  J^  Q^^.063  per  kilometer,  that  the  probable 
error  of  a  single  leveling  was  ^^  O^^'^'BS  per  kilometer,  and  that  the  probable  error  of 
the  difference  of  elevation  between  Austin  and  Friar's  Point  was  ^4™™.04.  The  nu- 
merical work  of  obtaining  these  results  is  given  on  page  28. 

PRECISE  LEVELS  FROM  COLUMBUS,  KY.,  TO  MEMPHIS,  TENN.,  AND  FROM  FRIAR'S  POINT 

TO  PRENTISS,  MISS. 

Theee  two  sections  include  about  404  kilometers,  and  were  leveled  by  the  same  ob- 
servers, with  the  same  party  and  outfit,  'during  the  same  field  season,  and  are  here 
treated  as  one  section. 

The  manner  of  doin^  the  work  was  quite  varied;  sometimes  an  observer  duplicated 
his  work  in  opposite  directions,  sometimes  in  the  same  direction,  either  north  or  south, 
and,  again,  two  observers  would  level  the  same  lines,  in  the  same  direction,  or  in  op- 
posite directions.  This  section,  then,  furnishes  us  with  examples  of  all  the  combina- 
tions of  observers  possible,  and  is,  therefore,  a  valuable  one  for  this  discussion.  The 
field  work  was  done  between  November  4, 1879,  and  April  22, 1880.  As  examples  of 
each  combination  are  scattered  along  throughout  the  entire  distance,  the  separate 
lines  have  been  numbered  consecutively  from  Columbus  and  Friar's  Point,  the  latter 
numbers  being  distinguished  by  accents. 

The  following  exhibits  in  tabular  form  the  results  of  leveling  this  section : 


Obaerren. 


I 

S 


Xamber  of 
discrepanoies. 


Sum  of 
dlsorepanciefi. 


+  '  - 


Total. 


—      I  TotaL 


Inn. 


J.A.VMig^ 

B.D.  Froat 

JB.H.  Sankee 

Pai|;«~FToat t215.8 

PaleiH- Frost 

Paig«— Sankee 

8trveo8 — Froat 


*86.7 

39 

7 

*23.4 

7 

11 

•18.4 

2 

7 

t215.8 

25 

95 

•22.0 

11 

3 

15.3 

1 

3 

t4.6 

0 

5 

46 

18 

9 

120 

15 

4 

5 


tnm. 
+328.9 
37.3 
4.8 
92.9 
78.5 
3.0 
0.0 


'+ 

+ 

+ 


tnm. 

—  20.1 
:—  48.  2 
'—  36. 3 
—689.7 

—  11. 4 
'—  29.2 
1—  21. 9 


fnnu 
4-306.8 

—  10.9 

—  31.5 
—496.8 
+  65.1 

—  26.2 
-  21.9 


Mean  size  of 
dlscropanciea.- 


mtn. 
4a38 
"5.33 
--2. 40 
--3.72 
--6.95 
-  -3. 00 
0.0 


Yalnea  of 

z  and  X'. 


I 


mm, 
—2.87 
-4.38 
—5. 
—6. 
— S. 
—8.73 
—4.38 


19 
21 

80 


mm. 
+2.11  ±0.18 
—0.53  ±0.85 
-0.81  ±0.21 
+2. 02  ±0.16 
+1.47  ±0.74 
+6. 12  ±1.33 
+4.79±0.7I 


*  Leveled  In  opposite  directions.        t  Lereled  la  same  directions. 

H.  Ex.  37 10 


I"' 

I 
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The  first  observer  makes  elevatioiiA  too  low  as  be  advanccR  by  -f  2"".ll  J;C°™™.18  per 
lEilometer,  and  makes  elf  vations  lower  than  the  second  observer  when  leveling  in  the 
same  or  opposite  directions,  and  also  lower  than  the  third  observer  when  leveling  in 
the  same  direction.  We  have  so  many  observations  on  this  point  that  it  cannot  be 
donbted  that  this  observer's  results  were  aflected  by  an  error  which  remained  very 
nearly  constant  throughout  the  entire  season,  and  where  the  error  has  not  been  elim- 
inated by  his  leveling  in  both  directions,  that  a  correction  to  his  results  is  necensary. 
The  sign  of  the  correction  is  certain,  and  we  may  consider  that  a  close  approximation, 
to  the  amount  of  the  correction  has  been  obtained  irom  the  46  equations  of  condition 
obtained  from  lines  leveled  in  opposite  directions.  This  correction  applied  to  the  part 
between  Columbus  and  Memphis  for  the  lines  leveled  in  one  direction  by  this  observer 
would  amount  to  4'*'^'^0"™»  and  to  the  part  between  Friar's  Point  and  Prentiss  4-107°*™, 
or  a  total  correction  at  Prentiss  of -f  3'^7™°»  =  1.07  feet. 

The  constant  error  of  this  observer  mu8t  have  been  independent  of  direction,  for 
he  gets  the  same  results,  as  compared  with  the  second  observer,  whichever  direction 
he  levels.  The  condition  of  the  gronnd  and  changes  of  weather  evidently  have  noth- 
ing to  do  with  the  error,  for  it  lasts  throughout  the  entire  season,  and  the  second  ob- 
server when  leveling  over  the  same  ground  at  the  same  time  does  not  obtain  similar 
results.* 

The  results  obtaiued  by  this  observer  the  following  season  between  Grafton,  III.,, 
^nd  Cairo,  111.,  contained  no  evidence  of  such  a  constant  error  as  here  shown.  It  is 
evident,  then,  that  a  duplication  in  an  opposite  direction  the  second  season,  of  linea 
leveled  in  one  direction  during  the  first,  would  not  have  eliminated  the  constant  error 
from  the  mean. 

From  this  we  have  the  practical  coi^clusion  that  an  observer  should  duplicate  hia 
work  as  soon  as  possible  under,  as  nearly  as  practicable,  the  same  conditions.  The 
error  of  this  observer  cannot  be  attributed  to  a  settling  of  the  rod  supports,  but  could 
be  explained  by  supposing  that  the  rods  or  instrument  raised  a  small  amount  gener- 
ally throughout  the  season. 

The  discrepaucies  of  the  second  observer  show  that  his  errors  were  accidental, 
which  fact  is  also  shown  by  the  probable  error  of  determining  his  personal  error. 

The  third  observer  made  elevations  too  high  as  he  advanced,  but  he  did  not  level 
enough  lines  to  compensate  in  any  appreciable  degree  the  eflfect  of  the  first  observer'a 
personal  error. 

The  foorth  observer  did  so  little  work  that  no  conclusion  could  safely  be  drawn 
from  the  results,  but  the  evidence  is  all  in  one  direction. 

The  numerical  work  of  obtaining  the  results  contained  in  the  preceding  table  is 
given  on  pages  15U  and  151.  No  attempt  has  been  made  to  compute  the  probable 
error  of  the  resulting  dilTerence  of  elevation  of  this  section,  as  it  is  believed  that  the 
fdrmulas  for  probable  errors  are  not  applicable  to  a  large  portion  of  the  work. 

PRECISE  LEVELS  FROM   PRENTISS,   MISS.,  TO  GREENVILLE,  MISS. 

This  section  of  72  kilometers  was  leveled  by  Assistant  J.  B.  Johnson,  and  all  lines 
were  leveled  in  opposite  directions.  After  44.2  kilometers  bad  been  leveled  with  the 
rods  supported  on  foot-plates,  stakes  with  nails  in  their  tops  were  driven  and  the  rods 
sopp(»rted  oh  these  for  the  remainder  of  the  distance.  This  section  has  been  cite<i  as 
furnishing  an  example  of  rods  settling  when  supported  on  foot-plates  and  ri^iDg  when 
supported  on  stakes.  It  has,  therefore,  been  divided  into  tw^o  parts,  according  to  the 
character  of  supports,  and  each  part  analyzed  separately,  to  ascertain  if  the  manner 
of  supporting  the  rods  has  introduced  a  constant  error  in  the  results. 

Letting  x,  and  x,,  represent  the  constant  error  in  the  two  parts,  respectively,  then 
by  the  formul»  previously  given  we  obtain 

nsiD.        nun.  mm. 

X,  =  —  0.62  ±  0.12  ,  ro,  =  ±  2.70 
x„  =  4-  0.35  ±  0.17  ,  r^„  =  ±  2.79 

These  results  would  seem  to  indicate  that  the  manner  of  supporting  the  rods  had 
introduced  constant  errors  in  the  results,  but  the  proof  is  not  positive.  An  inspection 
of  the  discrepancies  and  residuals  in  the  first  part  shows — 

ram. 
14  negative  disorepancies,  whose  sum  is — 62.2 

8  positive  discrepancies,  whose  sum  is -|-16. 4 

13  negative  residuals,  whose  sum  is — 35.4 

9  positive  residuals,  whose  sum  is -J-27. 5 

The  sum  of  the  discrepancies,  without  regard  to  sign,  is  77<"™.6,  and  of  the  residuals 
68»»«.9. 

*It  might  be  well  to  state  in  this  connection  that  in  all  the  work  done  on  the  Hisf^iuippl  River,  the 
srlnciple  of  oliminattDg  Inntniroental  errors  by  eqoal  fore  and  back  aiKhtn  bad  been  faliuwed,  and  thai 
mrelore  (he  aeeomidation  of  errors  cannot  be  attributed  to  errors  of  adjoatment  of  InBtrumeBts. 


§^ 
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In  the  secoud  part  there  are — 

tniDx 

5  negative  difcrepanciefi,  whose  sum  is — 13. 1 

10  positive  discrepancieR,  whose  sum  is -|-34. 1 

7  negative  residuals,  whose  sum  is — 23. 9- 

7  positive  residuals,  whose  sum  is -^22, 7 

The  sum  of  the  discrepancies,  without  regard  to  sign,  is  47™™.2,  and  of  the  resid- 
uals, 46'°'°. 5.  These  figures  show  that  the  process  of  solution  has  merelv  changed  the 
signs  of  a  few  of  the  errors  without  materially  reducing  tlirir  mean  size.  The  dis- 
crepancies themselves  show  that  the  errors  have  little  relation  to  the  distances,  and 
the  largo  probable  errors  of  observation  point  to  the  oonclnsion  that  the  difference 
between  x,  and  Xj,  is  probably  due  to  an  accidental  distribntiua  of  errors.  In  fact,  if 
three  discrepancies  of  t- 14™™.2, —  1U™«».4,  and  -fll™"*.8,  found  on  linej  2^6,  2^«».6, 
and  3^.4  long  respectively,  were  omitted  from  the  discntisionf  the  values  of  a?,  and  x,, 
wonld  become — 0°»°».31  aud  -|-  0"™.07,  respectively,  and  their  difl'erence  would  scarcely 
exceed  what  would  be  expected  from  their  probable  errors. 

The  suspicion  that  these  discrepencies  are  the  result  of  accidental  errors  is  strength- 
ened by  the  fact  that  this  was  the  observer's  first  experience  in  this  work,  and  also 
by  the  fact  that  all  his  subsequent  work  shows  occas  onal  errors  of  approximately 
IQBB^  Fur  the  later  errors  the  explansition  has  been  offered  that  they  were  caused  by 
mistakes  of  the  rodmen,  but  as  errors  of  reading  the  rod  of  10™™  or  20™™  frequently 
occnr  and  are  detected  in  the  field  or  in  the  reduction,  it  is  quite  likely  that  this  is 
the  way  that  these  errors  were  made  and  escaped  detection. 

Numerous  examples  could  be  drawn  from  the  note-books  of  this  office  where  the 
readings  of  the  three  wires  are  inconsistent,  and  show  that  an  error  of  10™™  has  been 
made  in  reading  either  one  or  two  wires,  with  no  evidence  to  decide  which  is  the 
caae.  An  uncertainty  of  10™™,  therefore,  remains  in  the  mean  of  the  three  readings. 
This  explanation  of  the  way  errors  of  that  size  are  made  is  not  ooufined  to  ttiia 
section  or  to  this  observer. 

We  conclude,  then,  that  the  proof  that  changing  the  manner  of  supporting  the  rods 
had  affected  the  results  is  not  sufficient.  That  tho  cumulative  error  was  not  the 
effect  of  motion  of  rod  supports,  would  have  been  inferred  from  the  results  of  the 
levels  between  Columbus  and  Memphis,  where  two  observers  with  rods  supported 
alike  obtained  so  dissimilar  results  while  leveling  the  same  lines  at  the  same  time. 
In  onler  to  explain  the  results  obtained  by  the  first  observer  there  by  a  motion  of  the 
rod  supports,  it  would  be  necessary  to  suppose  that  a  foot  plate  and  rod  weighing  in 
all  27  pounds,  had  rtsea  nearly  uniformly  throughout  an  entire  season.  As  the  press- 
are  on  the  foot  plate  would  probably  be  increased  by  the  ro<lman  about  20  pounds, 
ihissup|iosition  is  iuadmissible. 

We  have,  therefore,  combined  all  the  results  in  this  section,  and  obtained  the  fol- 
lowing values: 

769.52  3C-f-205.87=0,    x=— 0™™.26J::0'n™.ll,     [»r]=744.94 
ro=±3™™.07,     r,=  ±0™™.ll,   r=J::l™™.48,     R=±a™«».b8. 

PRECISK  LKYRLS  FROM  GRAFTON,  ILL.,  TO  CAIRO,  ILL. 

The  only  results  obtained  in  this  section  of  345  kilometers  bearing  upon  the  subject 
of  this  discussion  were  those  obtained  by  Assistant  O.  W.  Ferguson  in  the  221  kilo- 
meters south  from  Grafton.  These  results  are  nhown  on  the  ]i]ot  on  Plate  III,  and 
reference  to  them  has  previously  been  made.  This  observer  made  elevations  too  low 
as  be  advanced,  but  the  error  did  not  remain  constant,  und  the  method  here  given 
baa  not  been  applied  to  the  results.  As,  during  the  time  that  he  leveled  the  linea 
shown  on  the  plot,  he  also  leveled  many  lines  to  the  south  without  duplicating  them 
in  the  opposite  direction,  it  is  probable  the  difference  of  elevation  obtained  between 
Grafton  and  Cairo  is  affected  by  this  cumulative  error. . 

PRKCISB  LBVKLS  FROM  KKOKUK,  IOWA,  TO  GRAFTON,  ILL. 

This  section  of  242  kilometers  was  leveled  in  duplicate  by  two  observers,  Assist- 
ant J.  B.  Johnson  alwfl3's  leveling  toward  the  south  and  Assistant  O.  W.  Ferguson 
always  leveling  toward  the  north.  The  work  progressed  from  north  to  south.  Com- 
mencing at  110  kilometers  at  Keokuk  and  continuing  for  tlO  kilometers,  the  results 
of  tho  second  observer  are  lower  than  those  of  the  first  observer.  Of  the  66  lines 
incladed  in  this  portion,  48  gave  positive  discrepancies,  whose  sum  is  -|-118™™.l,  and 
18  gave  negative  discrepancies,  whose  som  is  — 27™>a.O,  aud  the  total  discrepancies 
between  the  two  observers  is  +dl"^.L 
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As  the  plot  of  the  discrepancies  on  Plate  Y,  shows  that  this  error  was  practically 
constant  throughout,  its  value  haS  been  found  by  the  formnlie. 

a?  =  ~  0««.62  ±  C"'n.ll 
ro=±I"'".61 
rK  =  ±0'«".ll 

As  it  is  more  probable  that  this  error  was  made  by  one  obseirver  than  that  the  two 
observers  made  equal  errors  of  opposite  sij^ns,  the  difference  of  elevation  between 
Keokuk  and  Grafton  is  probably  in  error  by  45°»^  from  this  cause.  The  sign  of  the 
error  is  not  determined.  The  numerical  work  of  obtaining  these  results  is  given  on 
page  157. 

PRECISE  LEVELS  FROM  CARROLLTOX,  LA.,  TO  BILOXI,  MISS. 

The  levels  of  this  section  of  140  kilometers  were  run  by  the  same  observers  and  in 
the  same  manner  as  those  between  Keokuk  and  Grafton.  After  about  60  kilometers 
had  been  leveled,  the  results  of  the  two  observers  commenced  to  diverge  until  at  the 
end  of  the  line  their  results  differed  by  about  50°*™.  The  same  remarks  are  applicable 
to  this  section  as  the  preceding  one.  • 

PRECISE  LEVELS  FROM  CAIRO,  ILL.,  TO  COLUMBUS,  KY.,  AND  FROM  MEMPHIS^  TBNN., 

TO  AUSTIN,  MISS. 

The  leveling  of  these  sections,  with  the  exception  of  about  6  miles,  was  all  done 
in  one  direction,  the  observer  carrying  along  two  lines  by  means  of  two  rods,  used 
independently.  There  is,  therefore,  no  information  as  to  whether  or  not  there  was 
any  accumullttion  of  errors  in  these  sections. 

PRECISE  LEVELS  FROM  GREENVILLE,   MISS.,   TO  OARROLLTON,   LA. 

The  levels  of  this  section  of  470  kilometers  were  run  by  parties  of  the  United  States 
Coast  and  Geodetic  Survey,  and  the  method  pursued  was  to  level  alteniat<e  sections  in 
opposite  directions,  in  order  "  to  prevent  the  gradual  accumulation  of  error,  supposed 
to  be  due  to  running  constantly  in  one  direction''  (C.  S.  Report,  1880,  page  137).  It  is 
probable  that  this  method  prevented  any  accumulation  of  error,  but  it  fails  to  give 
any  evidence  on  the  subject. 

The  following  ai'e  the  values  of  r  and  R,  computed  by  the  method  given  in  ''Praci> 
sion-Nivellement  der  Elbe,"  which  method  is  in  use  by  the  United  States  Coast  and 
Geodetic  Survey : 

r  =  -J-   0"".90 
R  =  ±ll»«.6  \ 

PRECISE  LEVELS  FROM  KEOKUK,  IOWA,  TO  FULTON,  ILL. 

The  results  of  all  the  sections  previously  mentioned  were  known  before  this  section 
was  leveled,  although  the  final  reductions  were  not  quite  completed. 

The  conclusions  to  be  drawn  from  them  had  been  pointed  out  in  the  preliminary 
report,  and  some  experimental  work  had  been  done  with  reference  to  obtaining  addi- 
tional information  upon  the  subject,  but  the  results  indicated  that  the  work  was  not 
of  a  character  to  make  it  valuable  in  this  discussion. 

When  the  parties  took  the  field  they  received  instructions  that  each  observer  should 
duplicate  his  own  work  in  opposite  directions.  In  order  to  throw  additional  light  on 
the  question  whether  or  not  the  accumulation  of  errors  noticed  in  some  of  the  sections 
was  caused  by  a  motion  of  the  rod  supports,  the  parties  were  provided  with  steel 
pins,  to  be  used  as  they  saw  fit  in  supporting  the  rods. 

A  slight  modifics^tion  was  also  made  in  the  form  of  the  spur  in  which  the  rod  ter- 
minates. This  modification  consisted  in  having  the  rod  terminate  in  a  plane  surface, 
which  rested  on  a  conical  surface  on  the  foot-plates  or  pins,  instead  of  terminating  in 
a  spherical  surface,  which  rested  on  a  concave  spherical  surface  of  larger  diameter. 
The  observers  were  the  same  as  those  employed  in  the  sections  Carrollton  to  Biloxi 
and  Keokuk  to  Grafton. 

On  pages  158  and  159  is  given  a  tabulation  of  the  results  obtained  in  this  section.  As 
the  observers  leveled  alternate  portions  of  the  line,  the  numbering  of  the  bench-marks, 
which  is  consecutive,  will  indicate  the  order  in  which  the  results  occur  in  the  line. 
Sometimes  an  observer  obtained  two  results  at  the  same  time  by  using  both  foot-plat«6 
and  pins.  In  the  tabulation  such  results  are  indicate  by  an  asterisk  in  the  colutmi 
of  bench-marks.  An  examination  of  the  table  shows  that  the  discrepancies  of  either 
observer  are  well  distributed,  both  with  regard  to  sign  and  amount,  throughout  the 
season's  work,  whether  leveling  on  pins  or  foot-plates ;  and  that  the  \rork  upon  the 
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foot-plates  is  slightly  better  than  that  upon  pinH.     These  facts  are  shown  by  the  fol- 
lowing table  of  disclrepaucies : 


O.  W.  F.,  OB8ERVRR. 


J.  B.  J.,  OB8BRVRR. 


Pins. 


Foot  plati'B. 


PlDS. 


Foot  plates. 


Discrcpaucies. 


Diacrepancies. 


No.   >     Sum. 


Positive  . 
Negative 


Som 

Mean  size. 


41 
34 


75 


mm. 
+  83.2 
-83.8 


+19.4 
1.96 


No. 


t 


23 
23 


46 


Sum. 


mtn. 

+  35.8 
-61.1 


-15.3 
1.89 


No. 

Sam. 

No. 

1 

.      31 

1      ^ 

fnvt, 
+60.  9 
-76.2 

32 
32 

1      60 

I 

1 

-15.3 
2.28 

64 

Snm. 


nn. 

+71.0 

-56.6 

+14.5 
1.99 


The  total  discrepancy  in  all  the  first  observer's  work  is  -|-4.1™™  and  in  the  second 
— %el"  "»,  or  in  the  whole  section  -J-3.3™™. 

This  remarkable  oouuterbalancing  of  errors  may  partly  be  accidental,  but  is  prob- 
ably larg<*ly  to  be  attributed  to  iucreused  care  in  the  work.  There  is  nothing  in  the 
ri'snltsthaJ  shows  that  an  accumulation  of  error  was  prevented  by  changing  from 
one  kind  of  snpport  to  the  other. 

The  preceding  sections  include  all  the  levels  along  the  Missi^ippi  River,  except 
those  from  Fulton  to  connect  with  Lake  Michigan,  at  Chicago,  which  are  not  yet 
finally  reduced.  It  is  believed  that  the  foilowiug  conclusions  can  safely  bo  drawn 
from  the  results  set  forth  in  the  prei*e<ling  pages. 

(1.)  The  results  of  leveling  mav  be  etlV*cted  by  cumnlative  errors,  which  vary  with 
dilierent  oljservers,  and  do  not  always  roniain  constant  with  the  same  observer. 

(2.)  The  mean  of  several  lesults  obtained  by  the  same  or  different  observers  may  re- 
quire H  considerable  correction. 

(li.)  That  these  cumulative  ern»rs  are  nearly  projjortional  to  the  distances  leveled, 
and  in  some  case^  are  independent  of  the  nature  of  the  ground,  the  direction  in  which 
the  work  is  done,  the  season,  or  the  manner  of  supp(»rtiug  the  rods. 

(4.)  That  in  order,  as  far  as  possible,  to  eliminate  the  effect  of  such  errors,  each  ob- 
servt-r  should  duplicate  his  own  work  in  op))osite  directions,  under  the  same  condi- 
tions. 

(5.)  That  long  lines  of  levels,  oven  if  leveled  in  duplicate,  should  be  independently 
cht'cked. 

The  above  report  is  submitted  in  hof>ea  that  it  may  add  information  in  regard  to 
leveling,  and  increase  the  accuracy  of  future  operations.  It  is  hoped  that  it  may 
meet  with  your  approval. 

Very  respectfully,  your  obedient  servant, 

L.  L.  WHEELER. 

Finjt  Lieut.  S.Mixn  S.  Leach, 

Secretary  Mississippi  Hiver  Commission. 

Dettrmimation  of  personal  <rror  of  Assistant  L.  L.  Wheeler  from  the  results  of  levels  from 

Austin  to  Friar's  Pointy  Miss.' 

2Kac— (n  — »)  =  t? 

km,  mm. 

{I) 3.1  -f  2.8 

(2) 2.4  -f  0.1 

(3) 1.7  -h  2.9 

(4) 2.0  —  0.7 

(5) 2.6  -f  4.2 

(«5) 2.1  -f  1.2 

(7) 2.1  —  l.l 

{H) l.fi  0.0 

(9) 4.2  -f  3.2 

(10) 3.4  -f  0.2 

(U) 23  -h  ».« 

(12) 4.0  -f  3.5 

(13) 1.8  -  0.3 

(14) (54  -f  U.S 


4  K'X  —  '^ 

!K  (91 

l-S) 

V 

mm. 

vv 

TV 

2K 

-f    9.61 

+ 

8.68 

—  1.2 

1.44 

0.47 

-f     5.76 

4- 

0.24 

+  l.l 

1.21 

0.50 

-h     2.^9 

+ 

4.93 

—  2.1 

4.41 

2.60 

-f-     4.00 

1.40 

4-  1.7 

2.89 

1.44 

-f     6.76 

+ 

10.92 

-  2.9 

8.41 

3.23 

-f-    4.41 

-f 

2.r)2 

—  0.2 

0.04 

0.02 

-f-     4.41 

2.31 

-f  SJ.l 

4.41 

2.10 

-f-    2.25 

O.OO 

-f  0.8 

0.64 

0.04 

4-  17.64 

-h 

13.44 

—  1.1 

1.21 

0.30 

-f  11.56 

-h 

0.08 

-f  1.5 

2.25 

0.66 

+     5.29 

+ 

1.84 

-f  0,4 

0.16 

0.08 

-f  16.00 

+ 

14.00 

—  1.5 

2.25 

0.56 

-f-     3.24 

0.54 

-f-  1.2 

1.44 

0.90 

-f  40.96 

-f 

5.12 

-f  2.4 

5.76 

0.90 
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Dei^miiMtion  of  personal  error  of  AasUtant  L.  L,  Wheeler ^  ^-c. — Contiuued. 
2Kjc  — (n  — «)  =  V 

Km.  mm. 

(15) 2.5  —  0.8 

(16) 4.3  +  4.0 

(17). 1.2  —  3.8 

(18) 3.2  —  1.5 

(19) 5.0  H-  3.5 

(20) 2.7  4-  2.2 

(21) ..4.0  —  2.7 

(22) 1.7  4-0,9 

(23) 4.9  +  3.8 

(24) 4.0  —  0.2 

(25) 1.0  4-  0.6 

(26). 6.0  4-8.7 

(27) 4.7  4-  1.7 

(28) 2.5  4-2.5 

(29) 0.7  —0.2 


Normal  equation : 


4  K»X  — '^ 

K  (fi  — «) 

V 

mm. 

ro 

2K 

4-    6.25 

~    2.00 

~  2.0 

4.00 

1.60 

4-  18.49 

4-  17.20 

—  1.8 

3.24 

0.75 

4-     1.44 

—    3.36 

4-  4.4 

19.36 

16.13 

4-  10.24 

—     4.80 

4-  3.1 

9.61 

3.00 

4-  25.00 

4-  17.50 

—  1.0 

1.00 

0.20 

4-    7.29 

4-    5.94 

—  0.8 

0.64 

0.24 

4-  16.00 

—  10.80 

+  4.7 

22.09 

5.52 

4-    2.89 

4-     1.53 

—  0.1 

0.01 

UOl 

4-  24.01 

4-  18.62 

—  1.4 

1.96 

0.40 

4-  16.00 

—    0.80 

4-  2.2 

4.84 

1.21 

4-     1.00 

4-     0.60 

—  0.1 

0.01 

o.«a 

4-  .36.00 

4-  52.20 

—  5.7 

32.49 

5,41 

4-  22.09 

4-    7.99 

4-  0.7 

0.49 

0.10 

4-    6.25 

4-     6.25 

—  1.2 

1.44 

0.58 

4-    0.49 

—    0.14 

4-  0.6 

0.36 

0.51 

328.22        4-164.05 


[rr]     =    138.06  49.47 


328.22  a-— 164  i05  =  0 


a:  =  4-0.50«>»niJ.0.083 


m=29 


H  =  l 


p  =  328 


.6745\/[rr] 
r,  =    ,  -----  -<  =  i  0, 083^'» 


R  =  ±0.6745    /*^x'*'^'*^=±4.04 
^  V29  2  ^ 


mm 


^  =  ±0.88'«™ 


Determination  of  personal  error  of  Asaislant  J,  A.  Paige^  from  ths  results  of  levels  from 

Colnmlnu  to  Memphis  and  from  Friar's  Point  to  Prentiss. 

No.  of  line.               2  Kx—  (»— »)                v  rv           4  K*  —  2  K  («— ») 

3 0.8  4-    5.4  =  4-     7.0  49.00  0.64  4-  4.:^2 

4 2.1  4-     1.4  =  4-     5-7  3249  4.414-  *-i.94 

9 1.4  —     4.4  =  —     1.6  2.56  1.96—  6.16 

12 1.8  —10.3  =  —    6.6  A'i.m  3.24—  1H.54 

13 0.9  4-    0.7  =  4-    2-5  6.25  0.81  4-  0.63 

14 2.3  —    4.1  =  4-     0.6  0.:i6  5.29—  9';43 

15 6.3  —14.3  =  —     1.5  2.25  39.fJ9  —  90.09 

16 1.7  —  15.0  =  —  11.6  134.56  289—  25..')0 

17 0.8  4-    3.2 h    4.8  23.04  0.64  4-  2.56 

19 4.4  —  21.5  =  —  12.6  158.76  19.36—  94.60 

20 8.9  —12.3  =  4-    5.8  33.64  79.21  —  109.47 

21 2.2  —    4.3  =  4-    0.2  0.04  4.84—  9.46 

22 6.1  —    5.2  =  4-    7.2  51.H4  37.21—  31.72 

23 3.0  —    6.6  =  —    0.5  0.25  9.00—  19.80 

24. 2.1  —    8.7  =  —    4.4  19.:<6  4.41—  18.27 

25 3.5  —    6.8=4-    0.3  0.09  12.25—  23.80 

28 1.3  —     1.9  =  4-    0.7  0.49  1.69—  2.47 

29 2.2  —  17.8  =  —  13.3  176.^^  4.H4  —  39.16 

30 4.0  —  24.5  =  —  16.4  268.96  16.00—  98.00 

31 5.9  —14.5  =  —    2.5  6.25  34.81—  85.55 

32 0.6  —     1.9  =  —    0.7  0.49  0.36^      1.14 

35 3.7  —     3.3  =  4-     4.2  17.64  13.69-  12.21 

41 1.4  —    3.8  =  —    1.0  1.00  1.96—  5.32 

43 2.5  —     4.3=4-    0.8  0.64  6.25—  10.75 

44 4.5  —    5.6  =  4-    3.5  12.25  20.25—  25.20 

50 1.3  —    0.4  =  4-    "^'^  4.84  1.69—  0.58 

51 5.2  4-    3.1  =  4-13.6  184.96  27.04  4-  16.1« 

66 7.9  —    ^.0  =  4-    8.0  64.00  62.41—  63.20 

68 1.9  —    4»7  =  —    0.8  0.64  3.61—  8.93 

82 2.1  —    3.4  =  4-    0.9  0.81  4.41—  7.14 

83 2.3  —    5.1  =  —    0.4  0.16  5.29—  ll.TU 
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Determination  of  personal  trror  of  Assigtant  J,  A,  Paige^  j-o. — Continued. 

Ncofline.                2Kx  — (n  — »)  »  vv  4K«— 2K(«— •) 

64 1.9  —    2.4  =  -f  1.4  1.96  3.61—      4.56 

«5 1.3  —    7.5  =  —  4.9  24.01  1.69—      9.76 

86 5.8  —    7.8  =  4-  4.0  16.00  33.64—  45.24 

9A 1.4  —    9.7  =  —  6.9  47.61  1.96—  13.58 

95 3.9  —  19.0  =  —  11.1  123.21  15.21—  74.10 

96 3.4  —    6.6  =  -J-  0.3  0.09  11.56—  22.44 

99 2.7  —14.8  =  —  9.3  86.49  7.29—  39.96 

101 26  —12.4  =  —  7.1  50.41  6.76—  32.24 

130 0.7  -h    0.4  =  -f  1.8  3.24  0.49+      0.28 

IC 3.5  —    8.1  =  —  1.0  1.00  12.25—  28.35 

11' 2.3  -h    5.9  =  -f  10.6  112.36  5.29  -f  13.57 

IH' 1.7  —    5.9  =  —  2.4  5.76  2.89—  10.03 

23' 3.1  —11.2  =  —  4.9  24.01  9.61—  34.72 

27' 2.0  —    2.1  =  4-  1.9  3.61  4.00—      4.20 

36' 2.0  —    5.7  =  —  1.6  2.66  4.00—  11.40 


1800.39  550.40  —1118.31 

Normal  equation : 

550.40  X  —  1 118.31  =  0.  x  =  -f  2.03»» 

To  compute  prob.  error  of  x: 

P.  E.ofx  =  0.6745     j-^y^l     =0.6745   /^^^^'^  =  ±0.18"- 

y  p{m—M)  V 550.40X45 

X  =  H-  2.11™»  ±  0.18'°™ 

Prob.  error  of  a  single  obsei-vation  : 

To.  =  ±  0.674.^>     h^l''^=z  ±  4.27"» 

Determinations  of  personal  error  of  Assistant  B.  D,   Frost  from  results  of  levels  from 

CofumbM  to  Memphis  and  from  FYiar's  Point  to  Prentiss, 

No.  of  line.  2  Kx  — («—«)=         v  vv        4  K«     — 2K(ii— •) 

46 2.8x  —  11.7  =  —13.2  174.24+  7.84  —32.76 

47 4.8  +  11.0  =  +  8.5  72.25  +  23.04  +52.80 

49 1.9  —    0.2  =  —  1.2  1.44+  3.61  —0.38 

52 3.1  —    3.6  =  — 5.2  27.04+  9.61  —11.16 

56 2.3  +    2.1  =  +  0.9  0.81+  5.29  +4.83 

57 1.7  +     1.9  =  +  1.0  1.00+  2.89  +3.23 

63 4.8  +  11.0  =  +  8.5  72.25  +  23.04  +52.80 

87 2.7  +    5.9  =  +  4.5  20.26+  7.29  +1693 

112 4.3  +    2.0  =  —  0.3  0.09  +  18.49  +8.60 

113 2.9  —    3.0  =  —  4.5  20.25+  8.41  —8.70 

114 2.1  +    5.9  =  +  4.8  23.04+  4.41  +12.39 

116 2.2  —    2.5  =  — 3.7  13.69+  4.84  —5.50 

141 2.4  +    0.1  =  —  1.2  1.44+  5.76  +0.24 

142 2.0  +    4.9  =  + 3.8  14.44+  4.00  +9.80 

144 1.3  +     1.9  =  +  1.2  1.44  +  1.69  +  2.47 

145 1.5  +    15  =  +  0.7  0.49+  2.25  +2.25 

147 2.0  —  11.7  = —12.8  163.84+  4.00  —23.40 

43' 2.0  —    4.6  =  —  5.7  32.49+  4.00  —9.20 

640.49  +140.46  +74.24 

Normal  equation ; 

140.46x+74.24  =  0  x  =— 0.53™" 

Prob*  error  of  a  single  observation : 

ro=±0.6745^^J^  =  ±4.14« 
Prob.  error  of  x: 

r.  =  ±;^=±~^  =  =t0.349-  .=-0.63~±0.349- 
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Det^rminaiion  of  personal  error  of  Mr.  E.  H.  Sankee. 

No.  of  lin6.  2Kx  — (»  —  «)=      t?  vv        4  K«      _2K(n— «, 

i:V 1.6ap -h  6.3  =  -f5.0  25.00  -|-    2.56  -f  10.08 

14' 5.0  +  1.6  =  —2.4  5.76-1-2500  +    8.00 

15' 4.8  -h  3.2  =  —0.7  0.49  -f' 23.04  -f  15.36 

16' 4.6  -f  0.7  =  +3.0  9.00-1-21.16  -j-  30.82 

17' .• 4.3  -f  6.0  =  -f 2.5  6.25-1-18.49  -{-25.80 

19' 4.2  -f  7.9  =  -1-4.5  20.25  -f  17.64  -|-  33.18 

28' 4.0  —  1.2  =  —4.4  19.36  -f  16.00  —    4.80 

29'... 3.2  _  3.6  =  —6.2  :i8. 44  +  10.24  —11.52 

30' 5.2  -f  4.6  =  +0.4  0.16  +  27.04  +23.92 

124.71  +161.17  +130.84 

Normal  equation : 

161.17x^-130.84  =  0  a;  =  — 0.812"°» 

Prob.  error  of  a  single  observation: 

ro  =  ±  0.6745    r''^^'^-  =  ±2.66^" 

Prob.  error  of  x : 

r.  =  -^°==  - -;.    --  =  +  0.210"'"»  a;  =  —  0.812™»°+ 0.210™™ 

VPx     \/1()1.17      ^  ^ 


Determination  of  8um  of  personal  ei-rors  of  Assistants  Paige  and  Frost,  from  results  of 
levels  between  Columbus  an4  Memphis j  and  Friar's  Point  and  Prentiss, 

No.  of  line...  Kx'     —    (P~F)=  »  vv'  K<— K(P.-F.) 

41 0.7x'  —  6.2  =  —  5.2            27.04            0.49  —4.34 

43 1.3      —  3.6  =r  —  1.7              2.89             1.69  —4.68 

49 0.9      +  1.0  ==  +  2.3              5.29            0.81  +0.90 

52 1.6      — 11.2  =  —  8.9            79.21            2.56  —17.92 

55 1.2      —  5.5  =  —  3.7            13.69            1.44-  -6.60 

57 0.8      —  5.6  =  —  4.4            19.36            0.64  —4.48' 

64 2.2      —  9.9  =  —  6.7            44.89            4.84  — 21.7H 

66 3.9      +  9.6  =  +15.3          234.09  15.21  +37.44 

99 1.4      —  9.3  =  —  7.2            51.84            1.96  —13.02 

101 1.3      —  2.0  =  —  0.1              0.01            1.69  —2.60 

116 2.3      -    4.0  =  —  0.6              0.36            5.29  —9.20 

130 0.4      —  3.0  =  —  2.4              5.76            0.16  —1.20 

147 1.0      — 16.2  =  —14.7          216.09            1.00  —16.20 

36' 1.0      +  0.8  =  +  2.3              5.29            1.00  +0.80 

61' 2.0            0.0  =  +  2.9             8.41            4.00  0.00 

714.22  42.78  —€2.88 


Normal  equation : 


r  =  +  1.47™™ 


42.78X'— 6^.88  =  0 
Prob.  error  of  a  single  observation : 

ro=  ±  0,6745/w/y  Vf-  =  ±  4.82™ 
^        14 

Probable  error  of  x' : 


m 


r.'=-^._^   =    ±^^  =  ±04 
Vpx'         l/4-i.78 


mm 


x'  =  +  1.47™™  ±0.74™™ 
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Determination  of  difference  of  personal  errors  of  Mcssi's,  Prosi  and  Stevens, 


No.  of  line.  Kx'  —  (F  —  S)    - 

140 0.7 

141 1.2 

142 1.0 

143 1.1 

144 0.6 


Normal  eqaatiou : 


r 
0.4  =  -f  2.9 

—  5.9  =   -  0.2 

—  7.2  =  —  2.7 

—  3.9  =  4-  1.4 

—  4.5  =  —  1.6 


w 
8.41 
0.04 
7.2'.^ 
1.96 
2.56 


4.50X'  —  21.55  =  0 


20.26 
x'  =  -I-  4.79«"» 


K«  — K(F  — 8) 


0.49 
1.44 
1.00 
1.21 
0.36 


—  0.28 

—  7.08 

—  7.20 

—  4.29 

—  2.70 


4.50  — 21.5& 


ro  =  ±  0.6745 


/20^_ 


=  ±  1.51™™ 


r,'  =    - 


ro 


Vp'. 


1.51 


Determination  of  difference  of  personal  errors  of  Assistants  Paige  and  Frost  from  the  results- 
of  levels  from  Columbus  to  Memphis  and  from  Friar^s  Point  to  Prentiss, 

No.  of  line.                                        Kx'  —  (P  —  F)  =  t; 

26 2.0x'   -f    5.9  =  -f  1.9 

27 2.4  -f  16.3  =  +  11.5 

33 2.0  -f     8.2  =  -f  4.2 

34 1.6  —    2.0  =  —  5.2 

37 2.4  —12.3  =  4-  7.5 

3d 3.0  +15.1=4-  9.0 

3y 4.6  4-    6.6  =  —  2.7 

40 3.4  4-     3.7  =  —  3.2 

41 0.7  —    2.4  =  —  3.8 

42 4.0  —    9.1  =  —  17.2 

43 1.3  4-     0.7  =  —  1.9 

45 2.3  —    5.4  =  —  lU.O 

48 3.9  4-'    8.1=4-  0.2 

49 0.9  —    1.2  =  —  3.0 

52 1.6  4-    7.6  =  4-  4.4 

53 1.0  4-     2.5  =  4-  0.5 

54 1.5  4-10.3  =  4-  7.3 

65 1.2  4-    7.0  =  4-  5.2 

56 1.3  4-    4.0  =  4-  1-4 

57 0.8  4-     7.5  =  -f-  5.9 

59 1.5  —     1.3  =  —  4.3 

60 2.0  4-    4.1  =  4-  0.1 

61 0.5  4-     0.1=—  0.9 

62 2.4  4-    8.4  =  4-  3.6 

65 0.5  —     3.8  =  —  4.8 

66 3.9  -1-17.6  =  4-  9.7 

67 1.4  4-    9.6  =  4-  6.8 

69 2.3  -    7.5  -  —  12.2 

70 3.8  4-12.4  =  4-  4.7 

71 1.0  4-     8.0  =  4-  6.0 

72 0.2  4-     1.8  =  4-  1.4 

73 4,3  -f    4.6  =  —  4.1 

74 0.5  4-    5.1  =  -f  4.1 

75 1.6  4-10.2  =  4-  7.0 

97 2.9  —    4.9  =  —  10.8 

98 2.2  4-     1.4  =  —  3.0 

99 1.4  4-     5.5  =  4-  2.7 

100 2.2  4-     3.4  =  —  1.0 

101 1.3  4-10.4  =  4-  7.8 

102 0.9  -f-    .5.2  =  4-  3.4 

103 l.l  4-     2.3=4-  0.1 

104 1.5  4-    0.4=—  26 

105 1.3  4-    6.1  =  4-  3.5 

106 1.6  4-    .5.4  =  4-  2.2 

107 1.7  4-10.7  =  4-  7.3 

108 1.6  —    2.2  =  —  5.4 

109 1.0  4-    7.0 h  5.0 


w 

K»  — 

K(P  — F> 

3.61 

4.00 

4- 

11.80 

132.25 

5.76 

4- 

39.12 

17.64 

4.00 

4- 

16.40 

27.04 

2.56 

3.20 

56.25 

5.76 

4- 

29.52 

81.00 

9.00 

4- 

45.30 

7.29 

21.16 

4- 

30.36 

10.24 

11.56 

4- 

12.5d 

14.44 

0.49 

1.68 

295.84 

16.00 

— 

36.40 

3.61 

1.69 

4- 

0.91 

100.00 

5.29 

12.42 

0.04 

15.21 

4- 

31.59 

9.00 

0.81 

1.08 

19.36 

2.56 

4- 

12  1& 

0.23 

1.00 

4- 

2.50 

53.-i9 

2.25 

4- 

15.45. 

27.04 

1.44 

4- 

9.12 

1.96 

1.69 

4- 

5.20 

34.81 

0.64 

4- 

6.00 

18.49 

2.25 

1.9& 

0.01 

4.00 

4- 

8.20 

0.81 

0.25 

4- 

0.05 

12.96 

5.76 

4- 

20.16 

23.04 

0.25 

1.90 

94.09 

15.21 

4- 

68.64 

46.24 

1.96 

4- 

13.44 

148.84 

5.29 

17.25 

22.09 

14.44 

4- 

47.12 

;36.00 

1.00 

4- 

8.0O 

1.96 

0.04 

4- 

0.36 

16.81 

18.49 

4- 

19.78 

16.81 

0.25 

4- 

2.55 

49.00 

2.56 

4- 

16.32 

116.64 

8.41 

14.21 

9.00 

4.84 

4- 

3.08 

7.29 

1.96 

4- 

7.70 

1.00 

4.84 

4- 

7.4& 

60.84 

1.69 

4- 

13.52 

ll.r)6 

0.81 

4- 

4.68 

0.01 

1.21 

4- 

2.5a 

6.76 

2.25 

4- 

0.60 

12.25 

1.69 

4- 

7.9a 

4.84 

2.56 

4- 

8.64 

53.29 

2.89 

4- 

18.19 

29.16 

2.56 

3.52 

25.00 

1.00 

+ 

7.0O 
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Determination  of  difference  of  personal  errorg  ofJaeistanta  Paigerand  Frost,  ^c — Continued. 


No.  of  line.  Kx'  — 

110 1.0 

117 1.9 

118 0.9 

119 0.5 

120 1.4 

121 2.8 

122 / 0.9 

123 2.2 

124 1.2 

125 1.3 

126 1.2 

127 1.0 

l^ 1.2 

129 2.3 

130 0.4 

1.31 0.6 

132 0.5 

133 3.2 

134 4.9 

135 4.2 

136 1.2 

137 1.2 

138 3.4 

146 4.0 

147 1.0 

148 0.8 

149 1.3 

150 0.8 

151 1.0 

152 0.9 

153 3.4 

154 0.9 

155 0.9 

156 1.6 

157 2.3 

158 2.0 

159 5.4 

160 1.8 

161 1.0 

162 0.9 

163 1.2 

164 2.2 

165 2.8 

W  3.1x' 

35'  2.3 

36'  1.0 

37'  3.1 

38'  1.0 

39'  0.6 

40'  1.0 

41'  2.4 

42'  2.1 

44'  0.7 

45'  0.9 

46'  1.9 

47'  2.6 

48'  2.8 

49'  2.1 

60'  1.7 

51'  2.1 

52'  1.8 

53'  0.8 

64'  1.0 

55'  1.5 

56'  2.2 

67'  2.0 


[P- 

-F)  = 

V 

vv 

K«- 

K(P  — F) 

+ 

9.0  =  + 

7.0 

49.00 

1.00 

+ 

9.00 

4.5  =  — 

8.3 

68.89 

3.61 

8.55 

+ 

8.6  =  -h 

6.8 

46.24 

0.81 

+ 

7.74 

+ 

9.1  =  -f 

8.1 

65.61 

0.25 

+ 

4.55 

+ 

5.7  —  -f 

2.9 

8.41 

1.96 

+ 

7.98 

+ 

2.7  =  ~ 

3.0 

9  00 

7.84 

-f 

7.56 

+ 

8.3  =  -f 

6.5 

42.25 

0.81 

+ 

7.47 

+ 

5.3  =  + 

0.9 

0.81 

4.84 

+ 

11.66 

+ 

10.2  =  -f 

7.'5 

60.84 

1.44 

-f 

12.24 

1.3  =  — 

3.9 

15.21 

1.69 

1.69 

4- 

4.7  =  -f 

2.3 

5.29 

1.44 

+ 

5.64 

+ 

2.3  —  -f 

0.3 

0.09 

1.00 

+ 

2.30 

-f 

1.5  =  — 

•.9 

0.81 

1.44 

-f 

1.80 

4.2  =  — 

8.8 

77.44 

5.29 

9.66 

3.4  =  — 

4.2 

17.64 

0.16 

— 

1.36 

-f 

1.0 

0.2 

0.04 

0.36 

-f 

0.6O 

-1- 

0.7  =  — 

0.3 

0.09 

0.25 

+ 

0.35 

+ 

12.9  =  -h 

6.4 

40.96 

10.24 

+ 

41.28 

+ 

16.2  =  -f- 

6.3 

39.69 

24.(1 

-f 

79.38 

-f 

5.6  =  — 

2.9 

8.41 

17.64 

+ 

2:^.52 

+ 

10.2  =  -f 

7.8 

60.84 

1.44 

4- 

12.24 

1.3  =  ~ 

3.7 

13.69 

1.44 

\J^ 

-f 

5.7  =  — 

1.2 

1.44 

11.5(5 

-f 

19.38 

-h 

9.6 h 

1.5 

2.25 

16.00 

-f 

38.40 

4- 

4.5  =  -f 

2.5 

6.25 

V    1.00 

+ 

4.50 

3.7  =  — 

5.3 

28.09 

0.64 

2.96 

+ 

0.8  =  — 

1.8 

3.24 

1.69 

-f 

1.04 

-f 

9  8  =  -f 

8.2 

67.24 

0.64 

-f 

7.84 

+ 

1.5  =  — 

0.5 

0.25 

1.00 

-f 

1.50 

H- 

2.0  =  -f 

0.2 

0.04 
1.44 

0.81 

-f 

1.80 

-\- 

6.7  =  — 

1.2 

11.56 

+ 

19.38 

-f 

6.5  =  -f 

4.7 

22.09 

0.81 

+ 

5.86 

2.7  — 

4.5 

20.25 

0.81 

2.43 

+ 

2.6  =  — 

0.6 

0.36 

2.56 

-h 

4.16 

+ 

7.8  =  -f 

3.2 

10.24 

5.29 

-f 

17.94 

-f 

3.1  =  — 

0.9 

0.81 

4.00 

-h 

6.20 

-1- 

7.1  =  — 

3.8 

14.44 

29.16 

-f 

38.34 

+ 

6.5  =  -f. 

2.9 

8.41 

3.24 

+ 

11.70 

7.3  =  ~ 

9.3 

86.49 

1.00 

7.30 

-f 

7.4  =  + 

5.6 

31.36 

0.81 

+ 

6.66 

-1- 

6.5  =  -f 

4.1 

16.H1 

1.44 

-f 

7.80 

-h 

11.2  =  + 

6.S 

46.24 

4.84 

-f 

24.64 

+ 

9.5  =  H- 

3.8 

14.44 

7.84 

+ 

26.60 

-f 

0.6  =  — 

5.7 

32.49 

9.61 

+ 

1.86 

1.7    =3   — 

6.4 

40,96 

5.29 

3.91 

-1- 

6.5  =  -1- 

4.5 

20.25 

1.00 

+ 

6.50 

-f- 

5.3  —  — 

1.0 

1.00 

9.61 

-f 

16.43 

2.0  =  — 

4.0 

16.00 

1.00 

2.00 

— 

1.1  —  — 

2.3 

6.29 

0.36 

— — 

0.66 

-f 

40  =  -f 

2.0 

4.00 

1.00 

-f 

4.00 

+ 

5.0  =  -f 

0.2 

0.04 

5.76 

+ 

12.00 

-f 

2.7  =  — 

1.5 

2.25 

4.41 

+ 

S.67 

+ 

5.4  =  -f. 

4.0 

16.(»0 

0.49 

-f 

3.78 

7.9  - 

9.7 

94.09 

0.81 

7.U 

-f 

10.9  —  + 

7.1 

50.41 

3.61 

+ 

20.71 

-f 

6.5  =  -f 

1.2 

1.44 

6.76 

-f 

16.90 

5.5  =  — 

11.2 

125.44 

7.84 

15.40 

+ 

2.7  =  — 

1.5 

2.26 

4.41 

+ 

5,67 

4.1  =  — 

7.5 

66.25 

2.89 

6.97 

-f 

6.8  =  -f 

2.6 

6.76 

4.41 

+ 

14.28 

2.4  =  — 

6.0 

36.00 

3.24 

4.*3S 

+ 

3.0  =  + 

1.4 

1.96 

0.64 

+ 

2.40 

+ 

1.3  =  — 

0.7 

0.49 

1.00 

+ 

1.30 

H- 

0.7  =  — 

2.3 

5.29 

2.25 

+ 

105 

+ 

5.3  =  + 

0.9 

0.81 

4.84 

-f 

11.6$ 

+ 

5.6  =  + 

1.6 

3.56 

4.00 

+ 

11.2U 
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DetermtnaHan  of  difference  of  peraonnl  erarrt  of  Aaeiiitants  Paige  and  Frost,  ^c — Continaed. 

No.  of  line.  Kx' —  (P  —  F)  =         v  vv  K»   —    (P  — P) 

SS' 0.8  +  7.0  =  -f  5.4  29.16  0.64  +  5.60 

59- 1.1  +2.7  =  4-0.5  0.25  1.21  +  2.97 

W 1.0  -f  3.4  =  -f  1.4  1.96  1.00  +  3.40 

61' 2.0  -f  15.8  =  -f  11.8  139.24  4.00  -f  31.60 

C8 3.3  +  2.1  =  —  4.6  21.16  10.89  -f  6.93 

63 1.0  -f  5.5  =  -f  3.5  12.25  1.00  +  5.50 

C4 1.8  -f  3.0  =  -  0.6  0.36  3.24  -f  5.40 

3459.59      +  524.20      +1060.34 

Normal  equation : 

+  524.20*' +  1060.34  =  0  r'=  -2.02™» 

Prob.  error  of  a  siugle  obBervation : 

ro=±  0.6745  J'^^~^^-  =  ±  3.64«« 
Prob.  error  of  x' : 

rix  3  64 

r.'  =  +  ->     =  ±  -,  -'        =  +  O.ie*""  flp'  =  —  2.02'""  +  0.16" 


Determination  of  difference  of  personal  errors  of  Messrs.  Paige  and  Sankee, 

No.ofline.  Kx'  — (P  — S)  =         »  w  K«  -.K(P  — S 

13' 0.8  —  3.0  =  —  7.9  62.41  0.64  -  2.40 

2<y 1.8  +15.7  =  +  4.7  22.09  3.24  +  28.26 

2V 1.9  +11.9  =  +  0.3  0.09  3.61  +  22.61 

^ 0.8  +  1.6  =  —  3.3  10.89  0.64  +  1.28 

95.48  8.13      +    49.75 

Normal  equation : 

S.lSx'  +  49.75  =  0  ac  =  —  6. 12«" 

Prob.  error  of  a  single  observation  : 

ro  =  +  .6745  -/^j*  -  =  ±  3.80"»- 
Prob.  error  of  x' : 

r.'  =  :j7^^=±^7|=  =  ±1.33—  0^  = -6.12— ±1.33— 
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Determination  of  personal  error  of  Assistant  Johnson  from  resu 

ItSi 

of  from  Prentiss  levels 

to  Greenville. 

No.oi 
line) 

2Ka;— (n— «)  =  v' 

v'v' 

4K3  — j 

lK{n- 

T») 

V 

vv 
"^          2K 

1.... 

5.3«' 

-f  4.1  =  +  0. 8 

0.64 

28.09  -f 

21.73 

+ 

2.7 

7.29         1.38 

<v  •  .  •  . 

6.9 

4-  6.a  =  f  2.0 

4,00 

47.61  -f- 

43.47 

+ 

4.5 

20.25        2.93 

3.... 

2.9 

—  3.8  =  —  5.6 

31.36 

8.41  — 

11.02 

4.6 

21.16        7.30 

4.... 

2.2 

—  0.3  =  —  1.7 

2.89 

4.84  -- 

0.66 

— 

0.9 

0.81     .   0.37 

o  •  •  • . 

2.0 

~  0.7  =  —  1,9 

3.61 

4.00  — 

1.40 

— 

1.2 

1.44   g   0.72 

6.... 

2.4 

+  4.1  =  -f  2.6 

6.76 

5.76  -f 

9.84 

-f 

3.5 

12.25  ta  5.10 

7.... 

1.0 

-  1.9  =  —  2.5 

6.25 

1.00  ~ 

1.90 

2.2 

4.84   p,  4.84 

o. .  .  . 

6.9 

-1-  5.3  =  -f  1.0 

1.00 

47.61  -1- 

36.57 

+ 

3.5 

12.25  ^    1.77 

9.... 

5.2 

+14.2  =  -f  11.0 

121.00 

27.04  -f 

73.84 

-fl2.8 

163.84  £31.51 

10.... 

1.0 

-f  1.0  =  -f  0.4 

0.16 

1.00  -f 

1.00 

+ 

0.7 

0.49   fl   0.49 

11.... 

9.1 

-1-  0.3  =  —  5.3 

2il.09 

82.81  -f 

2.73 

2.7 

7.29   o   0,60 

la..,. 

3.7 

—  3.9  =  —  6.2 

38.44 

13.69  — 

14.43 

4.9 

■  24.01  %  6.49 

13.... 

5.3 

-f-10.4  =  4-7.1 

50.41 

28.09  -f- 

55.12 

-f-  9.0 

81.00  1 15.28 

14.... 

4.2 

-1-  0.3  =  ~  2.9 

8.41 

17.64  — 

1.26 

— 

1.4 

1.96   g,  0.47 

15.... 

5.2 

-f  2.7  =  —  0.5 

0.25 

27.04  -f 

14.04 

-f 

1.4 

1.96   g-  0.38 

16.... 

6.8 

-1-3.4 0.8 

0.64 

46.24  -f 

23.12 

-f  1.6 

2.56   5   0.:*8 

17.... 

1.8 

-1-  0.4  =  —  0.7 

0.49 

3.24  + 

0.72 

— 

0.1 

0.01  ^   0.00 

18.... 

0.5 

-f  1.8  =  -f  1.5 

2.25 

0.25  -1- 

0.90 

+ 

1.7 

2.89   ®   5.78 
1.00  "   0.27 

19.... 

3.7 

-f  2.0  =  —  0.3 

0.09 

13.69  4- 

7,40 

+ 

1.0 

20.... 

1.0 

—  1.5  =  —  2.1 

4.41 

1.00 

150 

1.8 

3,';^4        3.24 

21..., 

8.2 

.-f  6.2  =  4-  1.1 

1.21 

67.24  -f 

50.84 

+ 

4.1 

16.81         2.05 

22.... 

3.1 
3.7a;" 

^  3.0  =  —  4.9 

v" 
+  4.9  =  -1-  6.2 

24.01 

9.61  ~ 

9.30 

-f 

3.8 
3.9 

14.44         4.66 

336.37 

485.90  -1-299.85 

401.79      96.21 

23-... 

38.44 

13.69  -f 

18.13 

15.21        4.11 

24-... 

0.5 

—  1.0  =  ~  O.H 

0.64 

0.25 

0.50 

1.1 

1.21        2.42 

25.... 

5.5 

-f-  0.7  =  -1-  2.6 

6.76 

30.25  -f 

3.  a-) 

— 

0.7 

0.49     .   0.09 

26.... 

7.1 

—  5.0  =  —  2.5 

6.25 

50.41  — 

35.50 

— 

6.8 

46.24  £  6.51 
1.69   «   0.21 

27-... 

8.2 

-f  3.4  =  -f  6.3 

39.69 

67.24  -f 

27. 8S 

+. 

1.3 

28.... 

1.6 

—  0.2  =  -+-  0.4 

0.16 

2.56  — 

0.32 

0.6 

0.;^   «   0.22 

29.... 

3.3 

—  4.4  —  —  3.2 

10.24 

10.89  — 

14.52 

5.3 

28.09   g   8.51 

30.... 

3.5 

-f  1.6  =  -f.  2.8 

7.84 

12.25  -f 

5.60 

-f- 

0.7 

0.49  ^   0.14 

31.... 

2.9 

—  i.e  =       0.0 

0,00 

8.41  — 

2.90 

1.8 

3.24  ^1.12 

o<& .... 

4.0 

.  -f  2.5  =  -f  3.9 

15.21 

16.00  -f 

10.00 

•  + 

1.5 

2.25   c   0.56 

OO  ...  a 

2.3 

—  0.4  =  -1-  0.4 

0.16 

5.29  — 

0.92 

1.0 

1.00   r  0.43 

34-... 

6.9 

—11.8  =  —  9.4 

8^..'^6 

47.61  — 

81.42 

— ' 

13.6 

184.96   |"2«,H0 

35...- 

3.8 

—  5,0  =  ~  3.7 

13.69 

14.44  — 

19.00 

— 

6.0 

36.(K)   oc   9,47 

36.... 

1.7 

—  4.0  =  —  3.4 

11.56 

2.89  - 

6.80 

4.4 

19.:^  'g  11.39 

37.... 

1.2 

—  1.3  =  —  0.9 

0.81 

1.44  — 

1.56 

1.6 

2.56  «   2.13 

239.81 

283.62  — 

97.98 

744.94      74.11 

Normal  equations: 

+  485.90J;'  -f  299.85  =  0 

mm 
«'  ==  —  0.62 
Prob.  error  of  a  singlo  observation : 

•  —  nm 

To'  =  ±  0.6745-/ ¥^-^  =  ±  2.70 
Prob.  error  of  unknown  quantity : 


-f  283.6-2x"  —  97.98  =  0 

ram 

x"  =  -f-  0.35 

^•?-  =  ±  2.79 
14 


2.70 


mm 


-  =  ±  0.12 


r  '  =     !j*'  =  4_ 
'       VPx  1^485.90 

mm  mm 

x'  =  —  0.62  ±  0.12 


ram 


^'    —  i/  «  ^  -  ^  ^/OM'^M  —  ±  WIT 


"^P^' 


X"  =  -f  0.35  dt  0.17 


Suppoeing  no  change  in  unknown  quantity^  we  have  the  normal  equation : 

mm 

x  =  — 0.26 
fo  3.07 


+  769.62  X -f  205.87  =  0 


—         ,  mm 


U  =  ± v/i?.  ==  =t  1/769.52  =  =t  0-U 


mm 


mm 


x==  — 0.26  ±0.11 
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Determination  of  relative  personal  equation  of  AsHslants  Johnson  and  Ferguson  from  the 
results  of  that  portion  of  the  line  from  Keokuky  lowaj  to  Graf  tony  111.,  lying  between 
temporary  bench-marks  65  and  151. 

B.  M.  Kx'  (J— F)             V  vv  K*  K(J  — F) 

66 5>.4x'  —  0.2  =  — 0.7  0.49  5.76  —  0.48 

tn 2.8  -h  2.2  =  -f  0.^  0.25  7.84  -f  6.16 

68 0.8  -f  2.8  =  4-2.3  5.29  0.64  -f  2.24 

70 2.6  -f  6.9  =  4-5.3  28.09-  6.76  -|-  17.94 

r,J 3.3  -f  1.9  =  —  0.1  0.01  10.89  -|-  6.27 

75 4.2  —  2.0  =  — 4.6  21.16  17.K4  —  8.40 

78 2.5  -f  1.7  =  -f  0.2  0.04  6.25  -f  4.25 

79 1.2  -f  1.5  =  -f  0.8  0.64  1.44  -f  1.80 

2;j 2.0  -f  3.5  =  -I-  2.3  5.29  4.00  -f  7.00 

24 1.4  TJ-  1.8  =  -f  0.9  0.81  1.96  -f-  2.52 

«2 - 2.3  —  0.5  =  —  1.9  3.61  5.29  —  1.15 

85 2.6  -f  3.2  =  -f  1.6  2.56  6.76  +  8.32 

25 1.4  4-  1.7  =  4-0.8  0.64  1.96  4-  2.38 

87 l.l  —  0.7  =  —  1.4  1.P6  1.21  —  0.77 

tf8 1.2  4-  4.9  =  4-4.2  17.64  1.44  4-  6.88 

89 1.8  4-  3.2  =  4-2.1  4.41  3.24  4-  5.76 

91 1.6  4-  2.1  =  4-1.1  1.21  2.^  4-  3.36 

92 1.3  4-  3,6  =  4-2.8  7.84  1.69  4-  4.68 

94 0.9  4-  1.4  =  4-0.8  0.64  0.81  4-  126 

95 1.0  —  0.2  =  — 0.8  0.64  1.00  —  0.20 

97 2.0  —  1.7  =  — 2.9  8.41  4.00  —  3.40 

99 2.4  0.0  =  —  1.5  2.25  5.76  0.0ft 

101 2.6  4-  4.8  =  4-3.2  10.24  6.76  +  12.48 

102 2.0  4-  1.7  =  4-0.5  0.25  4.00  4-  3.40 

31 1.4  4-  0.7  =  — 0.2  0.04  1.96  4-  0.98 

104 1.0  4-  1.7  =  4-1.1  1.21  1.00  4-  1.70 

106 3.4  —  4.2  =  — 6.3  39.69  11.56  —  14.28 

32 0.3i  4-  2.7  =  4-2.6  6.25  0.09  +  0.81 

108 1.7  4-  0.2  =  — 0.8     .  0.64  2.89  4-  0.34 

109 1.3  4-  3.8  =  4-3.0  9.00  1.69  4-  4.94 

33 1.3  4-  0.6  =  — 0.2  0.04  1.69  4-  0.78 

111 1.4  -f  0.1  =  — 0.8  0.64  1.96  4-  O.U 

113 3.0  —  2.5  i=  —  4.4  19.36  9.00  —  7.50 

114 1.2  4-  3.4  =  4-2.7  7.29  1.44  4-  4.08 

115 1.0  4-  2.1  =  4-1.5  2.25  1.00  +  2.10 

116 1.1  —  3.6  =  — 4.3  18.49  1.21  —  3,96 

35 2.8  4-  4.7  =  4-3.0  9.00'  7.84  4-  13.16 

119 1.0  4-  1.3  =  4-0.7  0.49  1.00  4-  1.30 

36 1.4  —  2.4  =  — 3.3  10.89  1.96  —  3.36 

123 3.3  4-  2.2  =  4-0.2  0.04  10.89  4-  7.26 

124 1.0  4-  3.6  =  4-3.0  9.00  1.00  -f  3.60 

37 1.  0.7  —  1.9  =  —  2.3  5.29  0.49  —  1.33 

125 1.4  4-  5.1  =  4-4.2  17.64  1.96  4-  7.14 

126 0.7  —  1.0  =  —  1.4  1.96  0.49  —  0.70 

127 2.0  4-  1.2=        0.0  0.00  4.00  4*  2.40 

128 0.8  4-  0.4  =  —  O.l  0.01  0.64  4-  0.32 

129 1.4  -  0.3  =  -  1.2  1.44  1.96  —  0.42 

38 1.4  —  0.8  =  —  1.7  2.89  1.96  —  1.12 

130 1.5  4-  4.4  =  4-3.5  12.25  2.25  4-  6.60 

131 1.0  4-  2.6  =  -f  2.0  4.00  1.00  4-  2.60 

132 2.1  —  0.7  =  — 2.0  4.00  4.41  —  1.47 

40 0.5  4-  2.3  =  4-2.0  4.00  0.25  4-  1.15 

133 1.4  —  18  =  —  2.7  7.29  1.96  -n»     2.52 

IK 3.0  4-  2.9  =  4-1.0  1.00  9.00  4-  1.70 

1.16 1.0  4-  40=4-3.4     *  11.56  1.00  4.  4.00 

137 0.5  4-  0.2  =  —  0.3  0.09  0.64  4-  0.16 

138 0.9  4-  2.3  =  4-1.7  2.89  0.81  4-  2.07 

139 1.6  —  2.4=.—  3.4  11.56  2.56  —  3.84 

140 0.7  -f  2.5  =  4-2.1  4.41  0.49  4-  1.75 

141 1.6  4-  4.7  =  4-3.7  13.69  2.56  4-  7.52 

14U 0.9  4-  3.0  =  4-2.4  5.76  0.81  4-  2.70 

143 2.1  4-  3.3=4-2.0  4.00  4.41  4-  6.93 

145 2.5  4-  1.0  =  —  0.6  0.36  6.25  4-  2.50 

146    0.5  4-  0.3=        0.0  0.00  0.25  4-  0.15 

148 2.1  4-  0.1  =  —  1.4  1.96  4.41  —  0.21 

150 2.5  4-  1.3  =  —  0.2  0.04  6.25  4-  3.25 

151 0.3  4-  0.6  =  4-0.4  0.16  0.09  4-  0.18 

376.94  4-  228.74  4-  141.90 
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Normal  equation : 


228.74x'  +  141.90=0 

/376.94  »««» 


jc'  =  — 0.62 


1.61 
r.  =  ±  i/  228.74  =  ±^-^^ 


mm 

»'=— o.e2±o.ii 


I>i«or«2Kin«f«0  between  north  and  south  lines  of  leveh  between  Keokuk,  Iowa,  and  FwZtofi,  IlLp 

by  Aseistants  J.  B,  Johnson  and  0.  W,  Ferguson. 


0.  W.  FergnsoD,  obaerrer. 

J.  B.  Johnaon 

,  obaerrer. 

%■ 

^ 

n— f 

No.  of 
bonoh-miuk. 

DiBtance. 
1.7 

Foot- 
plateH. 

-  8.9 

No.  of 
bench-mark. 

Diatance. 
1.4 

] 

?ill8. 

Pina. 
+  2.7 

Foot- 
platea. 

1* 

-  1   1 

2* 

+  2.7 

6- 

1.6 

+  0.6 

+  4.3 

V,  S.     1* 

0.6 

-  2.6 

-0.4 

«• 

1.2 

-f  0.1 

3» 

2.4 

-  0.2 

-  4.4 

9 

1.7 

-  1.3 

7 

L7 

-  2.9 

10 

1.6 

+  L9 

8 

L2 

-  0.2 

12 

0.8 

-  0.8 

U.  S.     3 

0.4 

-  3.5 

13 

1.6 

4-0.6 

11 

2.2 

-  5.0 

17 

0.0 

+  0.1. 

J4 

L6 

-  2.0 

U.  S.     4 

1.1 

+  0.0 

15 

L4 

+  0.8 

U.  S.     6 

0.9 

1  1.5 

16 

1.6 

-  3.3 

U.  8.     6 

1.4 

+  2.7 

18 

1.5 

+  2.8 

22 

1.7 

-  0.9 

10 

L5 

-  3.7 

23 

1.6 

+  2.8 

20 

1.7 

-  1.2 

24 

1.7 

-  L4 

20* 

L5 

-  3.0 

-  0.0 

26 

0.8 

+  0.5 

30* 

0.6 

-  0.3 

-  0.8 

n 

1.6 

Z  3.9 

81* 

0.2 

+  0.7 

-  0.2 

28 

1.4 

-  0.1 

35* 

1.8 

-  3.1 

+  L3 

32 

0.9 

-  3.7 

• 

36* 

L6 

+  6.6 

-  2.6 

83 

0.8 

-   1.6 

38* 

0.8 

-  4.5 

-  1.8 

34 

1.4 

+  0.2 

1 

30* 

0.8 

~  a.  3 

-  2.8 

U.  S.    10 

1.5 

+  4.3 

!                42- 

1.5 

-  5.8 

-  2.3 

87 

1.2 

-  3.6 

1 

43* 

1.3 

+  3.2 

+  0.6 
+  0.8 

40 

•     1.3 

-  1.0 

TJ.  S.    13* 

1.1 

+  2.0 

41 

1.6 

+  3.3 

*Z* 

LI 

+  3.2 

44 

1.6 

+  3.5 

1 

48 

0.5 

-  0.4 

45 

1.7 

-  LO 

51 

U.9 

+  1.1 

46 

1.4 

-  LI 

52 

0.8 

-  1  0 

49 

1.3 

+  1  2 

5:^ 

U.O 

+  22 

XT.  8.   15 

0.4 

--  1.2 

1 

54 

L4 

+  &3 

50 

1.3 

4-  2  I 

1 

56  B 

0.8 

+  L5 

55 

1,2 

-  3.3 

57 

0  5 

--  L5 

56 

L4 

-  2.7 

68* 

LO 

+  4.1 

-  LI 

56  A 

1.9 

+  0.6 

64 

0.7 

+  0.1 

69 

1.3 

-  2.3 

65 

1.0 

-  L8 

60 

1.2 

-  L3 

66 

LI 

-  0.8 

61 

L2 

-  2.1 

69 

L2 

+  L0 

62 

L6 

-  3.0 

70 

L4 

-  0.8 

63 

a8 

+  2.0 

71 

LI 

+  0.0 
--6.4 
-  0.8 

67* 
68 

L7 
0.6 

+iao 

+  3.3 
--2.2 

74 
76 

LI 
L8 

72 

1.3 

-  0.3 

76 

0.8 

+  0.6 
-1-0.0 
-  4.3 

73 
78 

2.5 
1.3 

+  3.7 
-1-  L3 

77 
84 

L3 
L5 

79 

LI 

+  LO 
-1-0.7 

85 

L3 

-  2.6 

80 

0.4 

86 

LB 

- 

-  L2 

81 

0.5 

• 

+  L3 
+  3.3 

87 

LI 

- 

-8.7 

82 

1.5 

88 

LO 

. 

-2.5 

83 

1.2 

-  0.4 

00 

0.2 

- 

-  L8 

89 

3.4 

+  0.6 
+  0.6 

95* 

L2 

-  3.4 

-  4.8 

U.  B.   22 

0.3 

96 

LO 

-  L2 

92 

0.1 

1-0.1 

97 

0.9 

-|-L7 
+  1.1 

93* 

1.1 

-  L8 

-  6.6 

100 

L3. 

94* 

0.9 

-0.3 

-  0.5 

101 

0.8 

-  L8 

98 

1.9 

-  2.8 

104 

0.2 

+  0.4 

99 

L2 

-0.8 

106 

L6 

-  4.5 

102 

ao 

-  L8 

107 

LO 

-  6.0 

108 

0.1 

+  1.1 

110 

L7 

+  4.0 
+  1.0 

107 

1.0 

-  2.2 

111 

L6 

106 

1.6 

-  0.7 

117 

L4 

+  2.2 

109 

LI 

H 

hO.1    < 

118 

Oi9 

-  8.8 

\ 
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DisorepanHea  hetween  north  and  south  lines  of  levslj  ^o. — Continued. 


0.^ 

'.  Ferguson,  olweirer. 

J.  B.  Johnson,  ohsexrer. 

n- 

_g 

M— ff                1 

No.  of 
bench-mark. 

Distanoo 

Ko.  of 
bench-mark. 

Distance. 

PIdb. 

Foot- 
plates. 

P1&8. 

Foot, 
plates. 

112 

0.7 

+  3.6 

119 

L8 

+  0.9 

113 

0.7 

-  0.2 

124 

0.6 

-  0.4 

114 

0.8 

h2.9 

125 

LO 

-  2.2 

115 

1.0 

-2.6 

126 

0.9 

-  2.2 

110 

0.5 

-  LI 

127 

0.6 

- 

f-  LI 

120 

L7 

-  L3 

128 

2.2 

- 

-2.5 

121 

0.6 

-  2.0 

132 

L8 

- 

-  L2 

122 

1.2 

-  3.3 

133 

L3 

- 

-3.5 

123 

L3 

-0.1 

137 

L3 

- 

-L3 

129 

1.0 

+  3.2 
+  0.6 

138 

L2 

—  0.6 

U.  8.    29 

0.3 

139 

L5 

-  a6 

130 

LI 

-1.  0.5 

U.  8.   34 

0.7 

-  LO 

131 

1.6 

-  5.1 

142 

0.7 

+  0.5 

134 

1.5 

-  3.1 

143 

L2 

-2.6 

U.S.   31 

LI 

-  0.6 

85A 

0.9 

-  a3 

135 

LO 

+  L6 

147 

a5 

-  L4 

136 

0.5 

+  2.5 

148 

0.7 

-  2.9 

140 

L4 

+  L6 

151 

0.5 

-  0.7 

141 

LI 

-2.4 

152 

L4 

+  1.8 

144 

LI 

-  2.5 

156 

LO 

-  L5 

145 

0.7 

-  0.1 

157 

0.6 

-  2.1 

146 

LI 

+  3.5 

161 

L4 

1 

+  3.5 

149 

0.7 

--  0.4 

162 

LI 

--4.4 

IfiO 

L3 

+  0.1 

163 

LO 

-f  4.5 

163 

0.3 

+  0.2 

168 

L5 

-  0.8 

154 

0.5 

-  2.9 

170 

LI 

+  0.8 

155 

0.6 

-  0.8 

173 

0.7 

+  L0 
+  2.0 

158 

LO 

-  2.6 

175 

L8 

159 

0.6 

-  LI 

179 

LI 

-  3.2 

160 

0.2 

.2.0 

IRO 

LI 

+  8.9 

164 

L2 

-  2.6 

181 

LO 

+  ai 

4- L4 

165 

L2 

h  0.4 

182 

LO 

166 

L3 

-  3.2 

186 

0.8 

-0.3 

171 

L4 

-  L6 

187 

L2 

. 

1-0.6 

172 

0.8 

-0.5 

188 

0.7 

- 

-2.0 

170 

2.0 

-  0.1 

191 

L3 

- 

-4.7 

177 

ao 

-  3.7 

192. 

LO 

> 

-  2.1 

178 

0.8 

-  0.7 

194 

0.9 

- 

-  2. 8 

183 

0.9 

hO.5 

-  3.0 

105 

L4 

-  0.1 

184 

L3 

-3.7 

-  4.9 

199 

L3 

+  0.5 
+  0.9 

189 

0.9 

-L9 

200 

L2 

100 

L2 

-4.2 

201 

0.8 

-  L3 

198  A 

2.1 

-  L8 

2U2 

2,0 

+  3.2 

193 

a7 

-  L5 

203 

LO 

-  0.4 

196 

•  2.9 

-  3.2 

207 

L4 

1-3.7 

197 

L4 

+  4.5 

+  0.2 

208 

L4 

-  LO 

198 

LO 

+  4.2 

63A 

2.0 

-  L3 

204 

LO 

-  2.6 

212 

LO 

-  3.6 

205 

0.8 

+  LO 

213 

LO 

+  3,6 

206 

2.0 

-  LI 

200 

2.3 

+  as 

210 

LO 

-  L8 

211 

0.7 

-  L6 

+  83.8     +35.8 
-63.8      -  51.1 

+  19l4      -  15.8 


BonttlTe  discrepancies 
Ss0itiTe  discrepancies 


diserepancles 


41 
84 


23 
£8 


L96^         L89 


+ 

flo.9 
76.2 

+ 

7L0 
56.5 

- 

16l8 

+ 

14.5 

- 

0.8 

81 
29 

82 
82 

2.28 
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Discrepancies  hettceen  north  and  south  lines  leveled  hj  Assistant  Paige  between  Columbus  and 

Memphis  and  Friar's  Point  and  Prentiss. 


No.  of 

line. 

[2K] 

1 

m.  m. 

1 

No.  of  line. 

[2 

K] 

m 

-n] 
.  m. 

* 

h.m.    1 

1 
1 

fc.  m. 

3 

0.8 

--    5.4 

43 

( 

39.9 

__ 

174.8 

4 

2.9 

--    6.8 

!          44 

1 

74.4 

_ 

180.4 

9 

4.3 

--    2.4 

50 

75.7 

~ 

180.8 

12          1        6. 1      1 

-    7.9 

51 

80.9 

~ 

177.7 

13                 7.0 

-    7.2 

66 

B8.8 

— 

186.7 

14                 9.8 

-  11.3 

68 

BO.  7 

_ 

190.4 

16                15. 6 

-  26.6 

!          82 

92.8 

^ 

193.8 

16 

17.3 

-  40.6 

83 

95.1 

^ 

196.9 

17 

18.1 

-  87.4 

84 

97.0 

„.. 

201.8 

19 

22.5 

-  68.9 

85 

98.3 

__' 

208.8 

20 

31.4 

-  71.2 

86 

104.1 

_ 

216.6 

21 

33.6 

-  75.5    1 

94 

105.5 

^^ 

226.8 

22 

39.7 

'    -  80.7 

95 

100.4 

^. 

245.8 

28 

42.7 

-  87.3    ' 

96 

112.8 

^^ 

251.9 

24 

44.8 

-  96.0 

99 

115.6 

_ 

266.7 

26 

4&3 

-102.8 

101 

118.1 

^ 

279.1 

28 

49.6 

-104.7 

180 

118.8 

_ 

278.7 

29         i      51. 8 

-122.6 

10 

122.3 

.^ 

286.8 

80 

55.8 

-147. 0 

11 

124.6 

... 

280.9 

81 

61.7 

-161.6 

18 

126.3 

^ 

286.8 

32 

62.8 

-163.4 

23 

129.4 

^ 

298.0 

85 

66.0 

-166.7 

27 

131.4 

^ 

300.1 

41 

67.4 

-170.6 

36 

133.4 

— 

306.8 

between  results  of  lei 

^tls  by  Ass\ 

\s1an  is 

Paige  and  Frost  from  h 

Columbus  and  Memphis  and  Friar^s  Point  and  Prentiss, 

Kg.  of 

line. 

2.0 

[F-P] 

No.  of 
.  line. 

108.3 

[P-P] 
+273.7 

26 

+    5.9 

129 

27 

4.4 

+  22.2 

130 

10&7 

+270.3 

33            6.4 

+  80.4 

131 

10ft  3 

+271. 3 

84 

8.0 

+  28.4 

132 

109.8 

+272.0 

87 

10.4 

+  40.7 

133 

113.0 

+284.9 

38 

13.4 

+  55.8 

134 

117.9 

+301.1 

39 

18.0 

+  62.4 

135 

122.1 

+806.7 

40 

21.4 

+  66.1 

136 

123.3 

+316. 0 

41 

22.1 

+  63.7 

'    137 

124.5 

+315.6 

42 

26.1 

+  54.6 

,    138 

127.9 

+321.3 

43 

27.4 

+  55.3 

146 

131.9 

+830.9 

45 

29.7 

+  49.9 

147 

132.9 

+335.4 

48 

33.6 

+  58.0 

'    148 

133.7 

+331.7 

49 

34.5 

+  56.8 

149 

135.0 

+332.6 

52    1      36.1 

;     +64.4 

150 

135.  8 

+342.3 
+343. 8 

53    1      37.1 

1     +  66.9 

'    151 

136.8 

54    1      38.6 

+  77.2 

152 

137.7 

+345. 8  • 

• 

55    :      89.8 

+  84.8 

153 

141.1 

+351.5 

56          41.1 

1     +  88.8 

164 

142.0 

+358.0 

57          41. 9 

1    +  96.3 
%  95.0 

155 

142.9 

+  355.8 

59    1      43.4 

156 

144.5 

+357.9 

60    i      45.4 

+  99.1 

157 

146.8 

+365. 7 

61          45. 9 

i     +  99.2 

158 

148.8 

+368.8 

62    ,      48.3 

'     +107.6 

;     150 

154.2 

+  375.  9 

65    ;      4a8 

,     +108.8 

160 

156.0 

+382.4 

66    ,      62.7 

1     +121.4 

161 

157.0 

+375. 1 

67          54.1 

+131.0 

'    162 

157.9 

+  382.5 

69          56.4 

+  123.5 

,     163 

159.1 

+  389.0 

70    ,      60,2 

'     +135.9 

164 

161.3 

4  400.2 

71          61. 2 

+  143.9 

165 

164.1 

+  409.7 

72          61. 4 

+  145.7 

34' 

167.2 

+410.3 

73    '      65.7 

.     +150.3 

35' 

169.5 

+  408.6 

74    i      66.2 

+  155.4 

36' 

170.5 

4415.1 

75    '      87.8 

1     +165.6    . 

,      37' 

ira.e 

+  420.4 

97          70. 7 

i     +180.7 

38' 

174.6 

+418. 4 

i 

98          72.9 

'     +162. 1 

39' 

176.2 

4  417.3 

99          74.8 

+  167.6 

40' 

176.2 

+421.3 

100          76. 6 

+  171.0 

41' 

178.6 

+426.3 

101           77.8 

+  181.4 

42' 

180.7 

+429. 0 

102    1      78.7 

+  186.6 

44' 

181.4 

+434.4 

103    ■      79.8 

+  188.9 

45' 

182.3 

t428.5 

104    '      81.3 

+189.3 

46' 

184.2 

+437. 4 

105    !      82.6 

+  195.4 

47' 

186. 8 

+443.9 

106          84.2 

+200.8 

48* 

189.6 

+438.4 

107    1      85.9 

4  211.5 

49' 

10I.7 

+441. 1 

108          87. 5 

+209.3    I 

50' 

103.4 

+  437.0 

109 

88.5 

+21&3     1 

1 

61' 

105.5 

+443.8 
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Discnpancies  between  results  of  lecels  by  AsBistants  Paige  and  Froat^  fo, — Continaed. 


No.of . 
line.  ' 


[Kl 


110 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 


80.5 

01.4 

02.3 

02.8 

04.2 

07.0 

07.0 

100.1 

101.3 

102.6 

103.8 

104.8 

106.0 


IF-P] 


+225.3 
+220.8 
+220.4 
+238.5 
+244.2 
+  246.0 
+255. 2 
+-260. 5 
+270.  7 
+  260.4 
+274.1 
+276,4 
+277.0 


No.  of 
line. 


52' 
63' 
54' 
55' 
56' 
57' 
58' 
50' 
80' 
61' 
62' 
63' 
64' 


[K] 


107.3 
198.1 
100.1 
200.0 
202.8 
204.8 
205.6 
206.7 
207.7 
200. 7 
213.0 
214.0 
215.8 


[F-PI 


+  441.4 
+444.4 
+445.7 
+446.4 
+451.7 
+  457.3 
+464.3 
+467.0 
+470.4 
+486.2 
+48&3 
+403. 8 
+406.8 


Discrepancies  between  north  and  south  lines  of  levels,  i^n  bjf  L.  L»  Wheeler,  bettoeen  Justin 

and  Friar^e  Point,  Miss, 


B.M.    '     [KJ    I    [♦--n] 


U.S.1 

1 

2 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

U.S. 

13 


0.0 

1.6 

2.7 

3.6 

4.6 

5.0 

6.0 

7.0 

8.7 

10.8 

12.5 

13.6 

15.6 

16.5 

10.7 


0.0 

-  2.8 

-  2.0 

-  5.8 
5.1 

-  0.3 
•10.5 

0.4 
0.4 
12.0 
-12.8 
-13.6 
-17.1 
16.8 
17.6 


B.  M. 


U.S. 
14 
15 
16 
17 
18 
10 
20 
21 
22 

U.S. 
23 
24 

U.S. 


[KJ        (f-nl 


21.0 
23.1 
23.7 
25.3 
27.8 
20.1 
31.1 
31.0 
34.4 
36.4 
36.0 
80.0 
42.2 
43.5 


+16.8 
--20. 8 
--17.0 
+15.5 
-  -10.  0 
--21. 2 
--1&5 
-10.4 
--23.2 
--28.0 
--23.6 
--82.3 
--34.0 
5 


-f36. 


Precise  levels  from  Keokuk,  Iowa,  to  Grafton,  III. 
B.M..Di»ta]ico.'  S.— N.   [S.— N.]    B.  M. '  Distance.  S.— K.    [S.— N.] 


66 

67 

68 

70  ■ 

73 

75 

78 

70 

23 

24 

82 

85 

25 

87 

88 

89 

91  I 

92 

94] 
*05  * 

07  I 

09 
101 
102 

31 
104 
106 

32 
108 
109 

33 
111 
113 
114 


km. 
112.86 
115.61 
116.38 
119.02 
122.29 
126.51 
129.02 
130.26 
132.30 
133,74 
136.00 
13&  50 
140.02 
141.07 
142. 20 
144.08 
145.68 
147.02 
147. 05 
148.03 
152.  75 
155.15 
157.80 
159.76 
161. 18 
162.18 
165.62 
165.06 
167.64 
188.03 
170.24 
17L62 
174.68 
175u74 


171.  971. 

—0.2 
+2.2 
+2.8 
+6.0 
+1.0 
—2.0 
+  1.7. 
+  1.5 
+3.5 
+  1.8 
—0.5 
+3.2 
+1.7 
—0.7 
+4.9 
+3.2 
^2.1 
+3.6 
+  1.4 
—0.2 
— L7 
0.0 
44.8 
+  1.7 
+0.7 
+1.7 
—4.2 
+2.7 
+0.2 
+3.8 
+0.6 
+0.1 
-2.6 
+3.4 


9n.  fn. 
-0.2 
+  2.0 
+  4.8 
+  11.7 
+  13.6 
+11.6 
+13.3 
+14.8 
+18.3 
+20.1 
+  10.6 
+22.8 
+24.5 
+23.8 
+28.7 
+.31. 0 
+34.0 
+  37.7 
+30.1 
+38.0 
+37.2 
+37.2 
+42.0 
+43.7 
+44.4 
+46.1 
+41.0 
+44.6 
+44.8 
+48.6 
+40.2 
+40.3 
+46.8 
+50.2 


115 
116 

35 
110  I 

36 
123 
124 

37 
125 
126 
127 
128 
120 

38  I 
130 
131 
132 

40 
133  , 
135 
136 
137 
138 
130 
140 
141 
141i 
148 
145 
146 
148 
150 
151 


Inn. 
176.76 
177.85 
180.63 
181.60 
182.06 
186.24 
187. 26 
187.02 
180.28 
180.09 
191.05 
102.72 
104. 10 
105. 45 
106. 05 
107.03 
200.00 
200.51 
201.87 
204.01 
205.02 
206.74 
207.62 
200.24 
200.03 

211. 52 
212. 41 
214.  52 
217.02 

217. 53 
210.65 
222.15 
222.48 


m.  m, 
+2.1 
—3.6 
+4.7 
+1.3 
—2,4 
.)-2.2 
+8.6 
—1.0 
+  5.1 
-1.0 
+  1.2 
+0.4 
—0.8 
—0.8 
+4.4 
+2.6 
-0.7 
+2.3 
-1.8 
+2.0 
+4.0 
+0.2 
+2.3 
—2.4 
+2.6 
+4.7 
+3.0 
+3.3 
+1.0 
+0.3 
—0.1 
+1.3 
+0.6 


m.  m. 
+52.3 
+48.7 
+53.3 
+54.6 
+62.2 
+64.4 
+57.8 
+55.0 
+61.0 
+  60.0 
+  61.2 
+61.6 
+61.3 
+60.6 
+64.0 
+  67.5 
+66.8 
+60.1 
+67.3 
+70.2 
+74.2 
+74. 4 
+76.7 
+74.3 
+76.8 
+81.5 
+84.5 
+87.8 
+88.8 
+80.1 
+80.2 
+00.5 
+01.1 


I 


H.  Ex,  37- 


*  Between  05  and  07  there  is  a  river  crossing. 
-11 
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Discrepaneiea  between  north  and  south  I'lHes  of  levels  nin  by  Assistant  Ftrguson  between 
Orafton  and  Cairo,  The  lines  beyond  T.  B,  M,  240  are  not  weed  because  methods  are 
changed. 


B.  A. 


2  ((lis* 
tance). 


2.2 
2.0 
1.7 
8.6 
1.7 
1.7 
2.3 
1.1 
3.0 
3.1 
1.1 
2.4 
1.1 
2.1 
0.6 
0.7 
4.8 


S.— N. 

2  (sam 

Sum 

B.M. 
191 

2  (dis- 

diRtODoe). 

—  6.5 

tance). 

—6.5 

2.2 

2.  a 

—0.7 

5.1 

-  7.2 

1     192 

1.2 

+6.3 

6.8 

—  0.9 

194 

2.5 

—4.5 

10.4 

—  5.4 

'    195 

2.5 

-1-4.8. 

12.1 

—  0.6 

196 

2.7 

—8.3 

13.8 

—  3.9 

,    197 

L8 

—1.9 

16.1 

—  5.8 

l»08 

2.2 

—4.7 

17.2 

—10.5 

209 

2.4 

-1-0.1 

20.2 

—10.4 

1    217 

2.5 

-8.4 

23.3 

—IS.  8 

,    218 

2.5 

-0.5 

24.4 

—14  3 

232 

4.7 

—7.2 

26.8 

—21.6 

,    2.13 

0.8 

—2.0 

27.9 

—23.5 

!    235 

4.0 

—7.7 

80.0 

-3L2 

i    236 

2.1 

-1-1.2 

30.6 

—30.0 

239 

L8 

—1.5 

31.3 

—31.5 

240 

2.2 

-6,2 

36.1 

—87.7 

S« — BT. 

2  (sum 

Sum 

distsnce). 

(S.— N.). 

—  4.9 

38.) 

—  42.6 

—  1.1 

89.3 

-  48.7 

—  6.7 

41.8 

—  50.4 

—  2.5 

44.3 

-  52.9 

—  9.2 

47.0 

-  62.1 

—  3.8 

48.8 

—  65.9 

-1-0.3 

51.0 

—  65.6 

—  9.3 

53.4 

—  74.9 

—  5.2 

55.9 

—  80.1 

-  9.4 

58.4 

—  89.5 

—  7.5 

63.1 

-  97.0 

—  5.7 

63.9 

—102.7 

-20.2 

67.9 

—122.9 

—13.2 

70.0 

—186.1 

-11.4 

71.8 

—147. 5 

—12.8 

74.0 

—180.3 
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REPORTS  OF  CHIEFS  OF  PARTIES,  UPON  FIELD  WORK  OF  TOPOGRAPHY  AND  HYDROG- 
RAPHY, 1882-*83. 

1,—  Report  of  Assistant  Engineer  J.  A.  Ockerson,  Arkansas  City  to  Green- 
ville AND  Natchez  to  Bayou  Sara. 

Office  Mississippi  River  Commission, 

Saint  Louis f  Mo.,  Septetnber  15,  1HS3. 

Sir:  I  have  tbe  honor  to  submit  the  followinjo;  report  on  the  field  operations  under 
my  direction  during  the  season  of  1882  and  1H83. 

In  accordance  with  your  instructionn,  the  party  left  Saint  Louis  on  September  12, 
1882,  for  Arkansas  City,  arriving  at  the  latter  point  on  September  15.  The  quarter 
boats  Mississippi  and  Louisiana  and  the  tug  Frolic,  which  were  assigned  to  the  party, 
arrived  on  the  17th,  and  work  was  begun  at  once.  The  organization  of  the  party  was 
as  follows:  J.  A.  Ockerson,  chief  of  party;  topographers,  B.  H.  Colby,  N.  B.  Craig, 
J.  C.  Quintus,  L.  C.  Jones,  F.  Felkel.  G.  M.  Anderson,  and  W.  Garvin ;  hydrographers, 
C.  W.  Clark  and  D.  S.  Flower;  levelers,  F.  B.  French  and  R.  C.  Hover;  draughtsman, 
Edwin  J.  Jolley.  E.  E.  Haskell  was  attached  to  the  party  until  October  19th,  when 
he  received  orders  to  report  for  duty  to  Assistant  L.  L.  Wheeler  at  Yicksburg.  F. 
Felkel  and  G.  M.  Anderson  joined  the  party  on  October  16,  and  W.  Garvin  on  October 
38.  R.  B.  Whiteford,  who  started  out  with  the  party,  was  disabled,  and  was  or* 
dered  to  Saint  Louis  on  September  29.  The  laboring  force  was  about  the  same  as  the 
previous  season. 

Tbe  topographical  work  begau  ou  the  right  bank  at  Arkansas  City,  and  ou  the  left 
bank  at  Ofmtt's  Lauding,  where  the  work  of  last  season  ended. 

The  survey  was  completed  on  November  4  to  BaiTies'  Landing,  about  2  miles  above 
Greenville,  where  it  joins  the  work  of  Assistant  G.  Y.  Wisuer. 

On  the  completion  of  this  reach  the  party  was  ordered  to  Natchez  to  resume 
the  survey  and  continue  down  the  river.  The  party  left  Greenville  with  quarter- 
boats  in  tow  of  the  tug  Frolic  on  November  5,  and  arrived  at  Natchez  on  November  8. 

The  survey  was  completed  to  Bayou  Sara,  where  it  joined  the  work  of  Assistant 
C.  M.  Winchell,  on  February  19,  when  orders  were  received  to  disband  the  party 
and  return  to  Saint  Louis. 

The  stage  of  the  river  was  unusually  favorable  for  surveys  during  the  entire  season. 
At  the  beginning  of  the  work  there  were  many  places  which  were  impassable  from 
the  deposits  of  mud  left  by  the  previous  high  water,  and  in  such  cases  considerable 
detail  was  necessarily  omitted. 

From  the  beginning  of  the  season  till  the  middle  of  October  there  was  a  great  deal 
of  sickness  in  the  party.  At  one  time  one-third  of  the  entire  party  wer^  sick  with 
malarial  fevers.  Of  the  original  party,  twenty  were  discharged  before  October  25, 
on  account  of  sickness.  Judging  from  this  experience,  it  is  evident  that  it  is  not  safo 
to  take  the  field  prior  to  the  middle  of  October. 
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There  were  thirty-three  days  of  nuD  and  fog,  or  a  little  more  than  one- third  of  the 
entire  seaeon. 

The  progress  of  the  work  is  due  to  the  hearty  co-operation  of  my  assistants,  who 
are  deserving  of  credit  for  their  fidelity  and  energy'. 

TKRTIAKY  TRI ANGULATION. 

The  secondary  trtangiilatton  was  not  carried  over  Spanish  Moss  Bend,  and  at  other 
points  so  many  stations  had  caved  into  the  river,  that  a  tertiary  system  hecame  ne- 
c^sary  over  the  entire  reach  above  Greenville.  Below  Nt^tchez  the  tertiary  work 
became  necessary  because  the  data,  such  as  azimuths  and  lengths  of  triangle  sides, 
was  not  furnished  to  the  party. 

The  tertiary  work  was  always  connected  with  the  secondary  stations  when  found, 
and  a  comparison  has  been  made  with  the  secondary  data  on  file  in  this  office.  The 
results  are  given  in  a  table  below.  The  tertiary  angles  were  measured  with  Wilrd- 
emanfi,  No.  152,  reading  to  10  seconds,  and  Gam  bey,  No.  2,  reading  to  5  seconds. 

Angles  were  reatl  by  J.  A.  Ockerson  and  B.  H.  Colby. 

'Comparison  of  tertiary  with  secondary  triangulation. 


Lines  oomxMred. 


Wallwood-Cartor 

Winn-ObeTS 

WUds-Allwsy 

UUDd-Polleo 

S.W.  Baa^Bock  Hill 

LeathermaA-Stamp 

SteTMiAoii-Donglaas 

If.  W.  Baae-St.  F.  church  spire. 


Tertiary 
lengths. 


ineters. 
1889. 67 
2818.4 
1938.6 
1518. 6 
3152. 9 
1547.2 
2323. S 
1389.7 


I 

I 

1 

1 

Secondary 
lengths. 

Katioof  ' 

diflorepandes. 

metert.     . 

— 

1389.7 

1  in  46323 

2819.5 

lin   2562 

1939.0 

lin   4846 

15ia  2  1 

lin   8796 

3152.6  • 

1  in  10509 

1647.3 

1  in  15472 

2223.5 

lin   7412 

1389.7  1 

Lengths  •qnal. 

The  following  method  was  used  in  reading  the  angles.  The  system  was  laid  out 
and  the  angles  generally  read  in  advance  of  the  topographers,  so  that' the  lengths 
of  sides  and  azimuths  could  be  used  to  check  the  stadia  work.  The  A  point  was 
marked  by  a  pole  about  2  inches  in  diameter,  and  bearing  a  red-and- white  nag  to  dis- 
tinguish it  from  the  ordinary  sounding  flags.  A  strip  of  wbito  cloth  was  lastened 
around  the  pole  near  the  bottom,  to  which  the  pointings  were  made,  thus  obviating' 
errors  from  swaying  of  the  pole  in  the  wind,  or  from  its  being  out  of  plumb.  In 
observing,  the  theodolite  was  placed  on  an  ordinary  instrument  tripod  centered  over 
the  hole,  after  removing  the  pole.  The  angles  were  read  three  times  on  different 
parts  of  the  limb  to  check  errors  of  reading.  Most  of  them  were  measured  with  Gam- 
bey  No.  2.  No  attempt  was  made  to  confine  the  measuring  to  favorable  conditions  of 
atmosphere,  but  angles  were  read  whenever  the  target  could  be  seen  at  all. 

Flags  can  be  set  and  the  angles  read  over  a  reach  of  5  miles  a  day.  Considering 
tlie  time  spent  in  this  work,  the  results  shown  are  remarkably  good. 

In  view  of  the  desirability  of  having  frequent  checks  on  the  stadia  work,  particu- 
larly where  there  are  so  many  new  observers,  I  would  suggest  that  the  topographical 
parties  be  required  to  locate  points  at  intervals  of  not  more  than  a  mile,  by  means  of 
a  tertiary  system  of  triangulation.  This  system  should  begin  aud  end  on  lines  of 
known  length,  so  that  it  can  be  checked. 

TOPOGltAPHY. 

The  general  scope  of  the  topographical  work  was  the  same  as  last  season,  a  descrip- 
tion of  which  is  given  in  Appendix  G,  Progress  Report  of  the  Mississippi  River  Com- 
mission, IB8*2.  The  compass  was  used  in  running  lines  through  the  woods,  as  sug- 
gested in  above  report.  This  method  was  found  to  be  quite  satisfactory,  and  much 
more  rapid  than  the  transit  lines  used  in  former  work. 

Beyond  the  prescribed  topographical  lioiits  there  were  located  the  outlines  of  bluffs, 
old  river  lakes  and  bayous,  and  the  Red  River  from  Cut-off  Bayou  to  the  Mississippi 
River. 

HYDROGRAPHT. 

Many  more  soundings  were  taken  tha^  heretofore.  Besides  the  sections  normal  to 
the  channel,  soundings  were  taken  along  the  line  of  deepest  water.    The  latter  work 
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was  preferably  done  daring  calm  weather^  when  the  sounding  boat  was  allowed  to 
drift  along  the  thread  of  the  current.  The  deepest  water  found  during  the  season  was 
156  feet,  th^  stage  of  river  being  about  27  feet  below  the  bjgh  water  of  1882.  This 
depth  was  found  at  two  points,  one  near  New  Texas,  and  the  other  about  five  miles 
above  Bayou  Sara. 

PUDINARY  LEVELS. 

The  levels  were  based  on  the  primary  elevations  of  the  United  States  Coast  and 
Geodetic  Survey.  Very  few  of  the  Coast  Survey  stone  lines  were  connected  with,  as 
the  stones  could  not  be  found.  Many  of  them  were  buried  below,  or  even  with  the 
surface  of  the  ground,  and  no  mark  was  left  above  the  surface  to  indicate  the  locality 
of  the  bench-mark. 

A  new  form  of  bench-mark  was  used  for  points  situated  in  the  woods,  some  distance 
from  the  river,  the  object  being  to  increase  the  stability  and  make  them  more  conspic- 
uous, so  they  can  be  easily  found. 

This  bench-mark  consisted  of  a  flat  stone,  18  inches  square  and  4  inches  thick.  The 
upper  surface  was  dressed  smooth,  and  a  hole  was  drilled  in  the  center,  into  which 
a  copper  bolt  was  lea<Ied,  the  end  projecting  a  quarter  of  an  inch  above  the  face  of 

■IT      Q 

the  stone.    The  stone  was  marked  thus      .         This  was  placed  three  feet  below  the 

B  M 
surface  of  the  ground,  with  the  marked  surface  up,  care  being  taken  to  have  it  hor- 
izontal and  firm.  On  this  stone,  and  centered  over  the  copper  bolt,  a  cast  iron  pipe, 
4  inches  in  diameter,  and  5  feet  long,  was  placed,  and  the  dirt  tamped  in  around  it. 
The  pipe  is  large  enough  to  admit  a  leveling  rod.  The  top  is  closed  with  a  cap,  which 
is  fastened  to  the  pipe  by  means  of  a  bolt. 
The  cap  is  marked  iis  follows : 


The  elevation  of  both  the  top  of  the  pipe  and  the  stone  were  determined. 
The  amount  of  work  done  is  given  in  a  table  below. 

TOPOGRAPHY. 

Number  of  miles  of  river  surveyed  (above  Greenville,  36;  Natchez  to  Bayou 

Sara,  100) 136 

Average  miles  of  river  surveyed  per  month 27 

Number  of  square  miles  of  topography  (above  Greenville,  70i ;  Natchez  to  Bayou 

Sara,  250) 320.5 

Average  number  of  square  miles  per  month 64 

Number  of  elevations  determined 34293 

Average  number  of  elevations  per  square  mile Ill 

Number  of  triangulation  stations  occupied 237 

Number  of  base  lines  measured  with  steel  tape 3 

Number  of  stone  bench-marks  set 143 

HYDROGRAPHY. 

Total  number  of  soundings 23,605 

Number  of  sextant  angles  read 15, 574 

Average  distance  between  sections :J20"* 

Number  o>  square  miles  of  hydrography 75 

Total  number  of  square  miles  surveyed  , 395 

Plate  1  shows  the  portion  of  the  river  covered  by  the  survey. 

CAVING  BANKS. 

The  rate  of  caving  in  the  bends  between  Arkansas  City  and  Greenville  during  the 
years  1860  to  1862,  as  determined  by  comparing  the  present  position  of  the  shore 
line  with  its  position  when  the  triangulation  was  done,  is  given  in  a  table  below. 
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There  beiog  no  reliable  data  for  determining  the  rate  of  caving  below  Natchez,  this 
reach  has  been  omitted. 


I  AbzuuiI 

Locality.                                                    |  Character  of  banka.  ,  rate  of 

^  caving. 

,  Meters. 

Tellow  Bend  2^  miles  below  Arkansas  City Clay  and  sand I  57 

Yellow  Bend  3}  miles  below  Arkansas  City do    ,  14 

Yellow  Bend  opposite  Port  Anderson Sand  and  silt 22 

Georgetown  Bend  ^  mile  below  Offutt's CUv  and  sand 39 

Georgetown  Bend  at  Ectopia do    39 

Georeetown  Bend  at  Asb brook  Point Sand  and  silt 29 

Rowdy  Bend  I  of  a  mile  below  Gaines  Landing Clay  and  sand 35 

Bowdy  Bend  2  miles  below  Gaines  Landing » do 14 

Bowdy  Bend  at  Scott's  Landing ^ : do 22 

MfUer's  Bend  lit  Morris  Landing I do ^ 40 

Miller's  Bend  at  Tarpley  place > do ,  28 


SAND  WAVKS. 

A  minate  snrvey  was  made  of  a  sand  bar  near  Fairview,  La.,  for  the  piir[iose  of  show- 
ing the  sand  waves  which  are  characteristic  of  all  bars.  The  bar  selected  is  not  an 
extreme  case.  There  are  many  which  have  larger  and  higher  waves,  and  others 
which  are  comparatively  smooth.  In  the  latter  case  the  waves  have  tne  appearance 
of  a  pond  whose  surface  is  raffled  by  a  gentle  breeze. 

It  is  evident  that  these  waves  are  mainly  due  to  the  action  of  the  water,  as  they 
are  frequently  found  on  the  lower  part  of  bars  composed  of  silt,  which  is  not  movable 
by  the  wind.  The  particles  on  the  above  bar  are  about  the  size  of  common  building 
sand.  The  crests  of  the  waves  are  smooth  curves,  which  are  frequently  parallel  for 
several  waves  in  succession. 

The  bluff  part  of  the  wave  is  on  the  down-stream  side,  and  is  frequently  neatly 
vertical.    The  slope  on  the  up-stream  side  is  generally  very  gentle. 

A  plat  of  the  Fairview  Bar,  which  shows  the  waves  by  means  uf  contours  one  foot 
.  apart,  and  two  sections  of  the  bar,  is  appended  herewith.  A  model,  showing  the  bar 
in  relief,  has  also  been  prepared. 

LEVEES. 
ARKANSAS  CITY  TO  GREENVILLE. 

Hight  bank. — From  Arkansas  City  down  f  mile  the  embankment  of  the  L.  R.  and 
M.  R.  R.  R.  serves  the  purpose  of  a  levee.  Here  the  railroad  turns  back,  and  the  em- 
bankment of  an  old  abandoned  railroad  continues  along  the  river  for  l^  miles,  when 
it  disappears.  One  and  a  half  miles  lower  down  it  again  appeal's  and  follows  along 
the  bank  of  what  was  at  one  time  the  chute  of  Island  80,  to  Gaines  Landing,  the  only 
break  being  a  small  one  tlirough  which  Boggy  Bayou  passes.  At  this  break  the  levee 
is  now  about  2  miles  from  the  river.  A  private  levee  incloses  the  plantation  at  Gaines 
Landing.  After  following  along  near  the  river  for  f  mile  below  Gaines  the  levee 
ends  abruptly  on  the  caving  bank  of  Rowdy  Bend.  This  break  is  about  3  miles  long, 
reaching  to  a  point  near  Scott  Landing.  Here  the  levee  divides,  and  one  portion  of 
it  nms  south  about  half  way  across  the  point,  then  turns  west  and  rqus  to  Yellow 
Bayoa,  forming  a  back  levee  for  the  plantations  fronting  on  Spanish  Moss  Bend,  and 
turning  the  water  which  overflows  the  banks  in  Rowdy  Bend  into  Bayou  Mafon. 

The  other  part  of  the  levee  follows  along  near  the  river  down  to  the  chute  of  Island 
82,  thence  down  the  chute  to  river  on  the  Tower  side  of  the  point,  thence  along  river 
boAk  again  down  to  near  Bellevue  Landiug.  Here  it  turns  and  joins  the  back  levee 
mentioned  above.  This  line  is  broken  in  many  places,  one  of  the  breaks,  near  Lin- 
wood,  being  about  i  mile  lon^. 

The  levee  be^ns  again  i  mile  below  Bellevue  and  600  meters  from  the  river,  ftnd 
mns  down  till  it  joins  the  old  levee  about  ^  mile  above  Luna.  The  old  levee  extends 
above  this  juncture  about  a  mile.  From  Luua  the  levee  is  continuous  for  about  4^ 
miles,  when  it  is  again  cut  oft'  by  a  caving  bank.  At  Point  Chicot  Landing  it  appears 
again  and  nius  directly  back  from  the  river  for  a  distance  of  600  meters,  where  it  is  ' 
again  broken,  and  does  not  appear  till  beyond  the  limits  of  this  survey. 

Lf/t  hank, — From  Offntt's  Landing  the  levee  runs  almost  directly  across  to  a  point  l^ 
miles  above  Argyle  Landing,  leaviug  Ashbrook  and  Woodstock  Points  outside.  It  is 
550  meters  from  the  river  at  the  lower 'part  of  Miller's  Bend.  From  the  point  where 
it  strikes  the  river  above  Argyle  it  turns  and  runs  down  at  a  distance  of  i  mile  from 
the  river  in  the  deepest  part  of  the  bend,  and  continues  down  behind  Island  83  to 
Greenville. 
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Right  hanlc. — From  Vidalia  the  levee  runs  down  near  river  bank  to  Whitehall.  Here 
it  tnms  back  and  ruDs  around  Natchez  Island,  coming  hear  the  river  again  near  Croth- 
er's  Plantation.  From  latter  point  it  runs  about  400  meters  from  the  river  till  it  reaches 
the  head  of  Saint  Catherine's  Bend,  where  it  turns  and  runs  directly  across  Esper- 
ance  Point  to  the  Pecan  plantation,  about  i  mile  above  Green's  Landing.  A  small 
levee  then  follows  aloug  near  tlie  river  for  a  distance  of  a  mile  and  there  ends.  From 
the  latter  point  to  Ashley  Landing  there  is  no  levee.  Then  comes  a  piece,  badly  broken, 
aggregating  1:^  miles  long.  Below  this  there  is  no  levee  till  wei'each  Fairview,  whe^ 
there  are  several  patches,  with  a  total  length  of  about  1^  miles.  At  Home  Place  we 
again  find  a  small  levee  1  mile  long,  and  small  patches  may  be  found  down  as  far  as 
Bong^re.  Then  there-  is  no  levee  till  we  reach  Union  Point,  where  it  starts  back  along 
the  old  river  bank  behind  the  batture,  and  continues  for  about  3  miles.  Then  comes  a 
break  extending  to  Black  Hawk.  From  this  point  the  levee  follows  aloug  behind  a 
cypress  swamp  for  about  3  miles,  and  finally,  after  numerous  breaks,  is  lost  entirely, 
and  no  more  levee  is  found  till  Red  River  Landing  is  reached.  From  latter  point  it 
runs  along  near  river  to  Smithland,  where  it  turns  back  along  bank  of  Old  River, 
touching  the  river  again  at  Fleta  above  New  T^xas.  There  is  an  old  levee  about  2 
miles  long  lyin^  aloug  bank  of  old  river  about  opposite  Tunica  Island  and  1  mile 
from  the  main  nver. 

From  Fleta  the  levee  runs  down  near  the  river  to  Morganza  crevasse,  where  the 
**  Grand  Levee  "  is  broken  for  a  distance  of  1,200  meters.  Below  this  the  levee  is  con- 
tinuous down^o  the  end  of  the  survey  at  Point  Couple,  except  the  "Scott  crevasse," 
which  was  nearly  closed.    The  breaks  on  the  right  bank  aggregate  about  34  miles. 

Left  hank. — There  is  no  regular  system  of  levees  on  the  left  bank  till  we  reach 
Tunica  Island.  From  this  point  down  to  Bayou  Sara  there  was  formerly  a  levee. 
This  section  was  known  as  the  Greensburg  District.  But  little  of  the  levee  now  re- 
mains. There  are  small  patches  from  Greenwood  Landing  down  to  Sebastopol,  where 
it  disappears  entirely,  and  nothing  more  is  seen  of  it  till  we  reach  a  point  opposite 
Morganza.  From  the  latter  point  it  extends  down  to  Hardwick  ditch,  opposite 
Stuart's  Landing.  It  begins  again  at  Copps'  wood  yard  and  ruus  down  to  within 
half  a  mile  of  the  mouth  of  Bayou  Sara,  where  it  turns  back  towards  the  hills. 

There  are  private  levees  at  other  point-s.  Just  below  Hutchins  Landing  is  a  piece 
about  1^  miles  long,  which  runs  behind  the  plantation  from  the  hills  to  the  river  bank. 

Behind  the  Corena  plantation,  opposite  Fairview,  is  a  levee  2^  miles  long,  which 
serves  to  keep  out  the  back  water. 

Allaway  plantation  has  a  small  front  and  back  levee  l^  miles  long.  Artouish  plan- 
tation above  Stamp's  Landing,  has  about  1  mile  of  leVee.  Laugside  plantation 
has  a  levee  along  lower  side  of  Clark's  Lake,  which  is  about  1  mile  long.  On  the 
Angola  plantation  a  levee  starts  in  about  opposite  Smithland  and  follows  along 
about  a  mile  from  the  river  for  a  distance  of  about  4  miles,  when  it  runs  into  the 
bluffs.  The  locations  of  the  above-described  levees  may  be  seen  on  Plate  1,  accom- 
panying this  report. 

8TONK  LINE   SECTIONS. 

In  the  Report  of  Mississippi  River  Commission,  Aopendix  G,  page  162,  a  discussion 
of  river-bank  profiles  is  given.  A  continuation  of  the  same  study  has  been  made  to 
embrace  that  part  of  the  river  lying  betweem  Arkansas  City  and  Doualdsonville. 

The  sections  of  the  banks  do  uot  differ  materially  fi-ora  those  heretofore  published, 
until  we  reach  a  point  near  Baton  Rouge  (Stone  line  No.  11).  From  this  point  down  the 
levees  are  very  close  to  the  edge  of  the  bank,  and  the  land  outside  of  the  levee  is  very 
often  three  or  four  feet  higher  than  that  on  the  inside.  This  indicates  a  deposit  of 
that  amount  since  levees  were  built.  Sometimes  this  deposit  reaches  nearly  to  the 
top  of  the  levee. 

The  sections  of  the  river  bed  grow  gradually  narrower  and  deeper  as  we  approach 
Doualdsonville. 

Respectfully  submitted. 

J.  A.  OCKERSON, 
Aasistant  United  States  Engineer. 

First  Lieut.  Smith  S.  Leacr, 

Secretary  Mississippi  Eiver  Commission 
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2. — ^Report   of  Assistant  Engineer  C.   M.  Winchell,  Lake  Providence    to 

Warrenton  and  Bayou  Sara  to  Donaldsonviixb. 

Office  Mississippi  River  Commission, 

•    Saint  Louie f  Mo.^  June  22,  1883. 

Sir:  I  have  the  honor  to  make  the  following  report  concerning  the  work  done  hy 
the  hydrographic  and  topographic  party  under  my  charge  during  the  field  season  of 
1682  and  1^3 : 

In  obedience  to  written  instructions  from  yon,  I  left  Saint  Louis  on  September  26, 
1882,  for  Lake  Providence,  La.,  to  assume  charge  of  the  party  which  had  been  organ- 
ized and  taken  the  tield  nnder  the  direction  of  Assistant  G.  Y.  Wisner.  I  arrived  at 
Lake  Providence  October  3. 

Previous  to  this  date  the  party  had  been  engaged  in  filling  up  gaps  in  the  last  year's 
survey,  which  had  been  skipped  on  account  of  the  high  water  of  1882. 

The  survey  was  continued  with  the  assistants  assigned  as  follows:  Hydrography, 
C.  A.  Russell  and  C.  N.  Roberts;  topography,  left  bank,  G.  W.  Wood  and  F.  B. 
Maltby ;  topography,  right  bank,  J.  A.  P^'ig*)  and  H.  W.  Kerr ;  levels,  J.  C.  Cam- 
mack  and  Moses  Greenwood.  Recorder  J.  T.  Desmond  plotted  most  of  the  topo- 
graphic field-not-es,  the  tield-plats  being  completed  by  the  topographers  on  rainy  days 
and  at  other  times  when  they  could  not  work  to  advantage  m  the  field. 

Assistant  8.  L.  Beaumont  did  some  topography  and  assisted  in  the  plotting  until 
the  parry  began  work  at  Bayou  Sara,  January  8,  when  he  was  made  hydrographer, 
Mr.  Russell  having  resigned  December  28. 

Assistant  J.  C.  Oamniack  died  in  New  Orleans  December  31,  and  Recorder  C.  N. 
Roberts  carried  the  levels  on  the  left  bank  from  Port  Hudson  to  Donaldsouville,  La. 
Assistant  A.  L.  Amer  reported  for  duty  January  12,  and  was  assigned  to  assist  the 
hydrographic  party. 

Mr.  Cammack  was  an  enthusiast  in  his  profcssiou,  a  conscientious  worker,  and  ex- 
ceptionally well  informed  in  the  various  branches  of  engineering.  By  his  untimely 
death  the  Commission  lost  a  valuable  assistaut,  and  his  messmates  a  belovM  friend. 
He  was  highly  esteemed  by  all  who  knew  him. 

The  rate  of  progress  of  the  work  was  materially  lessened  during  October  and  No- 
vember by  sickness,  nearly  every  member  of  the  party  sufferiug  from  fever  or  chills 
and  feven  B.  ft.  Morgan,  steward,  died  October  13  and  was  buried  on  land  of  Jndge 
Hays,  at  Ha>s'  Landing,  Miss.  There  were  very  few  new  cases  of  sickness  after  the 
firsit  good  frosts,  but  26  men,  out  of  a  party  of  sixty,  were  discharged  on  account  of 
slcknens  before  November  15. 

The  survey  was  bas»td  on  a  system  of  secondary  triangnlation  previously  executed 
by  the  United  States  Coast  and  Geodetic  Survey,  all  intermediate  points  for  delineat- 
ing the  topographic  featni^es  being  located  by  transit  and  stadia,  the  stadia  courses 
being  checked  by  connecting  with  triangnlation  stations.  A  continuous  line  of  levels 
was  run  down  each  bank  of  the  river  and  numerous  points  determined  to  aid  the 
top<^raphers  in  developing  the  five-foot  contours.  The  levels  are  referred  to  the 
Memphis  datum  plane  or  the  Mississippi  River  Commission,  and  are  checked  by  con- 
nection with  precise  bench-marks  established  under  direction  of  the  United  States 
Coast  and  Geodetic  Survey. 

Stone-line  l»ench-marks  were  established  once  in  about  three  miles  of  river,  con- 
sisting of  four  stones  (two  on  each  side  of  the  river),  set  in  line  at  right  angles  to 
the  channel  of  the  river,  the  stones  furthest  back  being  usually  1,000  to  1,200  meters 
from  the  river  bank.  These  lines  were  so  arranged  as.  to  pass  through  a  triaufrulation 
station  on  one  or  both  banks  of  the  river,  the  distance  back  being  determmed  by 
stadia.  The  elevaiions  of  the  benchmarks  were  checked  by  duplicate  levels.  Two 
kinds  of  bench-marks  were  used,  the  ones  nearest  the  river  being  granite  posts  three 
feet  long  and  six  inches  square,  set  in  the  ground  with  their  tops  projecting  about 
one  foot  above  the  surface.  The  bench-marks  set  farther  from  the  river  consisted  of 
flat  stones  Ib^'x  18''x4",  with  copper  bolt  leaded  into  hole^in  Cfuter  of  upper  surface. 
This  stone  was  set  *2\  feet  below  the  surface  of  the  ground,  and  an  iron  pipe  five  feet 
long  carefully  centered  over  the  copper  bolt  and  held  in  position  nntil  the  hole  was 
fill^  and  ground  tamped  around  the  pipe.  The  top  of  the  pipe  is  covered  with  a 
eapt  which  can  be  removed  to  admit  the  leveling  rod  so  that  the  scone  can  be  reached 
without  disturbing  the  earth  around  or  over  it.  The  elevations  of  the  top  of  the  cop- 
per bolt  in  the  stone,  and  of  the  top  of  the  cap  bn  the  pipe,  were  both  determined  in 
ail  cases. 

This  style  of  l>ench-mark  is  preferable  to  the  stone  post,  because,  having  a  much 
broader  base  and  being  lighter,  it«  value  will  not  change  so  much  by  settling;  the 
flat  Ktone  being  entirelv  beneath  the  surface,  will  not  be  in  so  much  danger  of  acci- 
dental disturbance  as  the  stone  post  which  projects  above  the  surface ;  and,  lastly,  it 
can  be  more  easily  fonnd,  the  iron  pipe  projecting  2^  feet  above  the  ground. 

In  wooded  country  the  compass  and  stadia  were  used  for  locating  points  of  eleva- 
tion to  develop  the  five-foot  contours.  By  using  the  compass,  woods  and  swamps 
^mn  be  examined  more  rapidly  and  with  less  cutting  than  by  the  usual  method  of 
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carrying  azimoth,  thus  considerably  redncing  the  expense  of  the  survey.  When  these 
compass  lines  were  connected  with  the  regular  stadia  courses,  or  with  tnangnlation 
stations  at  both  ends,  ifc  was  found  that  the  work  closed  with  an  error  of  less  than  1 
in  300. 

The  survey  was  completed  to  Big  Bayou,  about  eight  miles  below  Vicksburg,  where 
Assistant  L.  L.  Wheeler's  party  began  work,  December  22.  The  tug  Mlgnon,  which 
had  become  disabled,  was  laid  up,  and  the  party  was  detained  at  Vicksburg  until 
January  1,  1883,  waiting  for  a  boat  to  move  us  to  Bayou  Sara,  La. 

In  obedience  to  your  instructions  the  party  started  for  Bayon  Sara  as  soon  as  the 
iron  launch  which  had  been  assigned  to  the  party  was  repaired  sufficiently  t-o  make 
the  trip. 

Work  was  begun  at  Bayou  Sara  January  8,  six  days  having  been  consumed  in  set- 
ting there  from  Vicksburg.  We  were  delayed  on  the  way  by  fog  and  by  the  wheel  of 
the  launch  getting  loose,  which  made  it  necessary  to  hoist  her  out  of  the  water  and 
repair  her.  A  new  hub  was  cast  for  the  wheel  at  Baton  Rouge,  but  the  boiler  leaked 
po  badly  that  the  tug  was  of  very  little  use  the  rest  of  the  season.  The  tug  Frolic 
was  assigned  to  the  party  a  short  time,  which  enabled  us  to  get  good  soundings  in 
the  channel  below  Plaquemine,  where  they  could  not  well  have  been  obtained  from 
the  six-oared  cutter,  at  the  then  existing  high  stage  of  river,  on  account  of  the  great 
depth  and  strong  current. 

Below  Bayou  Sara  the  stone-line  bench-marks  were  not  set  so  far  back  from  the 
river,  because  the  banks  are  much  more  stable,  the  rate  of  change  in  position  of  the 
river  being  much  less  than  it  is  above  Vicksburg. 

The  survey  was  completed  to  Donaldsonville,  and  connection  made  with  the  Coast 
Survey  topography  March  17,  when  the  party  was  discharged,  and  the  assistants  who 
were  i-etamed  returned  to  the  office  in  Saint  Louis.  The  quarter-boats  Tennessee  and 
Pioneer,  the  tug  Frolic,  and  the  iron  launch  were  turned  over  to  Captain  Dafb,  of  the 
tow-boat  Baker,  and  his  receipts  taken  for  the  same. 

.  A  full  description  of  the  organization  of  the  working  parties,  the  number  of  men 
required  for  each  party,  and  the  methods  of  carrying  on  the  work  in  detail,  is  given 
in  the  Report  of  the  Mississippi  River  Commission  for  188t2. 

The  season's  work  may  be  summarized  as  follows  : 

Miles  of  river  surveyed 160 

Square  miles  of  topography a 370 

Square  miles  of  hydrography - 89 

Total  area  surveyed : square  miles..  459 

Diitcrepancies  between  precise  and  ordinary  levels. 


Between  P.  B.  M's. 


I- 


Na  112  and  128 
No.  128  and  187 
No.  137  and  140 
No.  140  and  150 
No.  150  and  102 

No.  162  and  171 
No.  171  and  179 
No.  170  and  184 
No.  184  and  188 
No.  188  and  197 
No.  197  and  207 
No.  207  and  21 1 
No.  211  and  225 
No.  38  and  37.. 
No.  37  and  36  . 
No.  36  and  35.. 
Na3SaQd34.. 
No.  34  and  83  . . 
No.  33  and  32  . . 
No.  31  and  29.. 
No.  29  and  28.. 
No.  28  and  27.. 
No.  27  and  28.. 
No.  26  and  25.. 
Na  25  and  24  . . 
No.  24  and  23. 
No.  23  and  22  . 
No.  22  and  21 .. 
No.  21  and  20.. 
No.  20  and  10.. 
No.  19  and  17.. 


Distance. 

Biscrep- 
aacies. 

Observer. 

MU$i. 

Feet, 

^ 

+0.19* 

J.  C.  Cammaok. 

-0.017 

Do. 

u 

—0.195 

Do. 

5I 

—0.042 

Do. 

15 

—0.144 

J.  C.  Cammack  and 
M.  Greeipwood. 

5 

—0.043 

M.  Greenwood. 

4 

—0.042 

Do. 

^k 

—0.064 

Do. 

2 

—0.077 

Do. 

5 

—0.100 

Do. 

H 

—0.007 

Do. 

4| 

— 0l084 

Do. 

n 

—0.039 

Da 

5 

-f  0.071 

Do. 

H 

+0.051 

Do. 

6 

—0.076 

Da 

9 

I-0.U64 

Da 

5 

—0.078 

Do. 

n 

+0.043 

Da 

—0.074 

C.N.Roberta. 

1 

+0.090 

Da 

3} 

—0.030 

Da 

4| 

—6.116 

Da 

7 

—0.014 

Da 

5 

+0.023 

Da 

5| 

+0.138 

Do. 

—a  163 

Da 

64 

+0.136 

Do. 

4 

+0.010 

Da 

3J 

—0.062 

Da 

»i 

+0.030 

Da 

The  sum  of  these  discrepancies  is  — 0.869  feet  for  a  distance  of  159  miles. 
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Discrepancies  between  right  and  left  bank-ordinary  levels. 


Locality  where  oompared. 


'Dlrt«.ce.  I^«^P- 


Ajax  Bar 

Hays'  Landing 

'Wilton  Landing ^-. 

Cbotard  Landing 

Henderson  Lauding  

Onie^a  Landing 

Hftlpino  Landing 

Toang's  Point  Landing.. 

Delta,La 

Near  Big  Bayoa 

Mount  rleaeant  Lauding 
Head  of  Profit  Island  . . . . 

Grossman's  Landing 

Belmont  Landing 

Arlington  Lauding 

I^unean's  Point 

Holly  wood  Landing 

Flaqc^mine 

Forlorn  Hope 

Point  Pleasant 

Ophelia  Landing 

Belle  Grove  Landing 

Claibom  Island 

Aahland  Landing 

Ikynaldsonville 


MOes, 

Feet, 

7 

0.221 

!* 

0.018 

6 

0.199 

11 

0.167 

H 

0.139 

6 

0.130 

6 

0.111 

lOi 

0. 219 

H 

0.100 

44 

0.100 

12 

0.028 

21 

0.278 

8 

0.189 

3 

0.180 

H 

0.004 

5 

a  113 

H 

0.100 

U 

0.122 

4i 

0.  036 

4 

0.014 

2i 

0.064 

7 

0.092 

5 

0.005 

4 

0.194 

8 

0.046 

HIGH- WATER  MARKS. 


Lake  Providence 

Baas  Landing 

Do 

Island  Ko.  ST.... 


Mmiken's  Bend 

Cabin  Teele 

Tofing's  Point 

Port  Hickej 

Flaqnemine 

Forlorn  Hope 

Do 

Saint  Gabriel's  Chnroh . 

Bayou  Goala    

Asnland  Landing 

Donaldaonville 


Well-defined  mark  on  tree  opposite  Lake  ProTidence,  La I 

Nail  in  large  oak  tree 

do      * I 

Well  defined  mark  on  Mr.  Zach.  Leatherman*8  house,  about  1 
one  mile  below  Arcadia  Landing.  | 

On  steps  of  Morancy's  house,  back  of  levee ! 

Mark  cut  on  comer  of  gin-house  in  front  of  levee 

On  steps  of  dwelling  three  miles  below  Young's  Point  Landing 

On  United  States  gauge 

Mark  on  tree  two  miles  above  Plaqnemine 

Nail  in  cottonwood  tree  at  landing 

do 


Do. 
Do. 


Well-defined  mark  on  warehouse ■ 

Mark  on  warehouse  established  by  Gen.  J.  Thompson 

Marks  cut  on  northwest  comer  of  market-house  by  Gen.  Jeff. 
Thompson. 


1882 
1882 
1880 
1882 

1882 
1882 
1882 
1882 
1882 
1882 
1880 
1882 
1882 
1874 
1862 

1869 
1874 


114. 98 
in.53 
109.49 
110. 45 

102.25 
105. 05 
09.62 
47.60 
39.60 
39.00 
35. 40 
37.65 
37.35 
36.12 
35.21 

33. 73 
35.18 


Table  shomng  surface  slope  of  river  as  determined  by  this  survey. 


Dl,Uuce.  Sl^«Se^' 


Lake  Providence  to  head  of  Island  95  . . . 

Head  of  Island  95  to  Hays'  Landing   

Haya  Landing  to  Wilton 

Wilton  to  Chotard 

Ckotard  to  Omega    

Omega  to  Halptno  Landing 

Haipino  to  Nebraska  Lanmng   

XebrMka  Landing  to  King's  Point 

Blxng's  Point  to  head  of  Warrenton  T.  H 

BayoQ  Sara  to  KelHon  Landing 

Kedson  Landing  to  Lobdell's  Landing  . . . 

LobdeiVs  Laading  to  Baton  Rouge 

Baton  Rouge  to  Manchac 

Manchac  to  Forlorn  Hope 

Forlorn  Hone  to  Bayou  Gonla 

Bayoa  Goma  to  Donaldsonville 


MUes. 
Q.7 
3.5 
6.8 

10.8 
8.3 
7.0 
4.5 
5 
5.5 

12.8 

12.5 

10 

10 

14 
7.6 

19.5 


Feet. 
0.70 
0.49 
0.40 
0.54 
0.26 
0.55 
0.36 
0.19 
0.16 
0.14 
0.13 
0.12 
0.12 
0.12 
0.14 
0.12 


Yicksburg 

gan^e- 

reading. 


11.50 

9.2 

8.9 

9.0 

&8 

11.2 

13.5 

12.6 

11.2 

*15.2 

*14,5 

*18.7 

*24.1 

*27.5 

*26.6 

♦30.4 


Rising  or 
falling. 


FaUing. 
Stationary. 

Do. 
Falling. 
Stationary. 
Rising. 

Do. 
Falling. 

Do. 
Rising. 
Stationary. 
Rising. 

Do. 

Do. 
Stationary. 
Rising. 


*  Baton  Rouge  gauge. 
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The  qnantity  and  qnality  of  the  work  accomplished  is  due  in  a  great  measure  to  the 
energy  and  efficiency  of  my  assistants,  to  whom  I  desire  to  express  my  thanks  for  the 
cheerfnl  and  faithful  manner  in  which  they  performed  their  duties. 
Very  respectfully,  your  obedient  servant, 

C.  M.  WINCHELL, 
United  States  Assistant  Engineer, 

First  Lieut.  Smith  S.  Leacu, 

Secretary  Mississippi  Biver  Commission. 


3.— Report  of  Assistant  Enoineer  L.  L.  Wheeler,  Warrentox  to  Natchez* 

Office  Mississippi  River  Commission, 

Saint  Louis,  Mo.,  July  5,  1883. 

Sir  :  I  have  the  honor  to  submit  the  following  report  upon  the  operations  of  the 
party  in  my  charge  during  the  season  of  1882-*83. 

The  work  assigned  to  the  party  was  to  make  a  topographical  and  hydrographical 
survey  of  that  portion  of  the  Mississippi  River  lying  between  Warrenton  and  Natchez, 
Miss. '  The  survey  was  to  include  both  banks  for  at  least  three-quarters  of  a  mile  on 
each  side,  and  in  all  cases  to  include  the  levees.  It  was  also  to  include  old  cut-off 
lakes,  sloughs,  bayous,  bluff-lines,  and  other  topographical  features  within  a  distance 
of  ten  luilts  of  the  river. 

The  party  left  Saint  Louis  the  evening  of  October  16,  1882,  and  went  on  board  the 
quarter-boars  Illinois  and  Kentucky,  at  Cairo,  the  following  day.  The  boats  were 
taken  in  tow  by  the  steamer  Oakland,  October  21,  and  arrived  at  Vicksbnrg  October 
28.  Two  days  were  spent  in  putting  supplies,  coal,  &,c.,  on  board  at  Vicksbnrg,  and 
the  boats  were  towed  down  to  Warrenton  October  31. 

Assistant  Engineer  E.  E.  Haskell  was  taken  sick  soon  after  the  party  took  the  iield 
and  was  obliged  to  return  to  Saint  Louis.  Assistant  Engineer  H.  B.  Wood  and  Alex. 
E.  Kastl  were  detailed  for  making  special  surveys  near  Arkansas  City,  and  joined  the 
main  party  about  the  middle  of  November.  Assistant  Engineer  O.  W.  Ferguson  and 
Recorder  E.  K.  Woodward,  jr.,  joined  the  party  December  4.  Samuel  Bltzhugh  was 
promoted  from  rodnian  to  recorder  January  1,  1883.  The  party,  as  finally  organized, 
consisted  of  Assistant  Engineers  A.  N.  Darrow,  O.  W.  Ferguson,  H.  B.  Wo<id,  A.  H. 
Weber,  J.  W.  Dorst,  O.  A.  Orrman,  A.  E.  Kastl,  and  A.  N.  Milner,  and  Recorders 
Fred.  Morley,  E.  K.  Woodward,  jr.,  and  Samuel  Fitzhugh,  with  the  necessary  com- 
plement of  men. 

The  field-work  commenced  November  1  on  the  triangle  side  '*  Last- Big  Bayou,*^  about 
seven  miles  below  Vicksbnrg,  and  continued  until  February  ftZ,  1883,  when  the  work 
was  completed  to  Natchez. 

The  following  day  instruments,  charts,  note-books,  &.o.,  were  packed  and  sent  by 
express  to  Saint  Louis,  and  the  party  disbanded,  the  assistants  returning  to  the  office. 

The  party  was  therefore  engaged  in  field-work  114  days,  16  of  which  were  Sundays, 
one  an  observed  holiday,  and  on  14  the  weather  was  such  that  no  field-work  could 
be  done.    Field-work  was  therefore  done  on  83  days,  on  many  of  which,  however, 
only  paii;  of  the  day  was  suitable  for  work. 

The  length  of  main  river  surveyed  was  93  miles,  embracing  217.2  square  miles  of 
topography,  and  63.3  square  miles  of  hydrography,  or  a  total  area  of  280.5  square 
miles  surveyed. 

The  survey  was  based  upon  a  system  of  trian^ulation  and  a  line  of  precise  levels 
executed  by" the  United  States  Coast  and  Geodetic  Survey,  the  results  of  which  were 
furnished  from  that  office.    The  survey  was  made  in  the  folMwing  manner : 

1st.  A  line  of  levels  was  run  on  each  bank,  which  determined  the  elevations  of  tii- 
angulatiou  stations,  sounding-stakes,  stadia-stakes,  stone-line  bench-marks,  water- 
gauges,  high- water  marks,  water  surfaces,  ^c.  The  levels  on  the  right  bank  were 
checked  by  the  precise  levels,  and  those  on  the  left  bank  by  reciprocal  leveling  across 
the  river.  The  two  lines  also  mutually  checked  each  other  by  frequent  determina- 
tions of  water  surfaces  on  opposite  sides  of  the  river.  All  elevations  were  referred  to 
the  Memphis  datum  plane,  which  is  a  plane  225  feet  below  the  reading  34.16  on  the 
Memphis  gauge.    The  leveling  was  penormed  by  Assistants  Dorst  and  Kastl. 

2d.  A  stadia  line  was  run  on  each  bank,  checking  frequently  as  to  azimuth  and 
distance  upon  triangulation  stations  and  intersections  on  distant  signals,  and  as  to 
elevations  upon  the  Tine  of  levels  run  on  each  bank. 

The  principal  topographical  features  along  the  river  bank,  including  landings^ 
gauges,  lights,  sounding-stations^  &,c.,  were  located  when  the  shore  line  was  run. 
The  topography  back  from  the  nver  was  taken  by  lines  run  back  for  that  purpose. 
Where  the  country  was  wooded  lines  Arere  cut  bacK  from  the  river  three-fourths  of  a 
mile  in  such  a  direction  as  would  best  det'Crmine  the  topography.    The  locating  of 
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leTees,  lakes,  blnfis,  bayous,  &c..  when  beyond  the  limit  of  topography,  was  done 
by  stadia  lines  connecting  with  the  main  lines.  The  topographical  work  was  done 
by  Assistanto  Darrow,  Ferguson,  Weber,  Milner,  and  Recorder  Woodward. 

3d.  The  hydrography  consisted  of  lines  of  soundings  taken  normal  to  the  stream 
eTery  400  meters,  and  a  line  of  soundings  taken  longitudinal  to  the  stream.  The 
soundings  were  taken  with  a  22-pound  tallowed  lead,  about  every  third  sounding  being 
located  by  sextant  angles  between  signals  on  the  banks.  A  sounding  line  of  Italian 
hemp  was  first  nsed,  but  was  discarded  and  a  cotton  line  used  instead. 

Assistant  Wood  and  Recorder  Morley  performed  the  hydrographical  work,  and  also 
materially  aided  in  the  other  work  of  the  survey. 

4th.  The  points  located  by  the  topographical  parties  were  plott-ed  on  protractor 
sheets  to  the  scale  1:10000,  the  sketching,  contours,  &c.,  being  put  in  by  the  observ- 
ers when  field-work  could  not  be  done.    The  plotting  was  done  by  Assistant  Orrman. 

5th.  All  notes  were  reduced  in  the  field,  and  all  note-books  indexed. 

6th.  The  points  of  the  survey  were  marked  on  the  ground  by  the  usual  lines  of 
marking-stones,  the  positions  and  elevations  of  which  were  determined,  and  descrip- 
tious  of  which  were  made  in  a  book  kept  for  that  purpose. 

My  thanks  are  due  to  the  assistants  and  recorders  for  their  hearty  co-operation  and 
interest  in  the  work.    Assistants  Darrow,  Ferguson,  and  Wood  gave  me  valuable 
assistance  aside  from  their  regular  duties,  and  deserve  special  mention  for  the  inter* 
est  shown  in  the  general  progress  of  the  party. 
Verv  respectfully,  your  obedient  servant, 

►L.  L.  WHEELER, 

Assistant  Engineer, 

First  Lieut.  Smith  S.  Leach, 

Secretary  Mississippi  River  Commission, 


4. — ^Report  op  Assistant  Engineer  H.  B.  Wood,  upon  rksurvkys  in  front  of 

Crevasses. 

Office  MississiFi>i  River  Commission, 

Saint  Louis,  September  15,  1883. 

Sir:' I  have  the  honor  of  submitting  to  you  the  following  report  on  hydrographic 
work  above  Arkansas  City,  completed  during  the  months  of  October  and  November, 
1882. 

The  special  object  being  to  ascertain  the  effect  of  large  breaks  in  levees  upon  the 
river  bed  during  the  great  spring  flood  of  1882,  four  reaches  iu  the  immediate  vicinity 
of  said  breaks  were  selected  for  hydrographic  observations,  all  of  which  were  located 
in  that  portion  of  the  river  surveyed  by  the  party  in  charge  of  Mr.  J.  A.  Ockerson, 
ansistant  engineer,  during  the  winter  season  of  1881-82,  just  before  the  flood.  The 
first  reach  extended  from  Maloue's  Landing,  near  the  foot  of  Island  No.  66,  to  Aus- 
tralia; the  second,  from  Riverton  to  theheiM  of  Ozark  Inland;  the  third,  from  Bolivar 
to  Cypress  Creek ;  and  the  last,  from  Mound  Place  to  Arkansas  City. 

The  party  consisted  of  two  assistant  enj^ineers,  pilot,  steam  engineer,  fireman,  cook, 
leadsman,  and  two  rodmen,  and  was  provided  with  the  tug  Eva,  of  Helena,  two  skiifs, 
and  camping  outfit. 

To  re-sound  the  sections  as  located  by  the  previous  party  required  that  the  stone 
lines  should  be  found,  and  where  no  A  stations  or  other  landmarks  of  prominence 
served  to  identify  the  other  sections,  a  stadia  line  was  run,  and  the  positions  of  former 
aections  marked.  Accordingly,  with  some  few  exceptions,  the  re-sounded  sections 
were  identical  with  those  previously  established. 

The  water  surface  was  connected  at  frequent  intervals  with  established  benches 
referred  to  the  Memphis  datum,  and  a  constant  gauge  record  kept  during  the  progress 
9f  the  work. 

In  the  first  reach,  from  Malone's  Landing,  thirty-two  sections  were  re-sounded,  cov- 
ering a  distance  of  about  sixteen  miles.  These  cross-sections  have  been  plotted, 
together  with  the  corresponding  ones  of  the  previous  year,  and  their  areas  approxi- 
mately measured  with  the  planimeter,  the  results  being  tabulated  herewith.  A  very 
amall  amount  of  filling-in  below  the  breaks  occurred  here.  By  the  annexed  table  of 
compared  areas  of  cross- sections,  it  will  be  seen  that  an  average  fill  has  taken  place, 
makjog  each  section  about  2,200  square  feet  less  in  area  than  before  the  flood,  not 
counting  sections  that  were  above  or  below  their  former  position. 

In  the  second  reach,  from  Riverton,  seventeen  sections  were  re-sounded,  covering 
about  nine  miles.  Here  each  section  averaged  about  11,000  square  feet  le^  in  area 
than  formerly. 

In  the  third  reach,  from  Bolivar,  where  eighteen  sections  were  re-sounded  in  a  dis- 
tance of  ten  miles,  each  section  averaged  8,400  square  feet  less  in  area  than  when 
■oandod  the  previous  year. 
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In  the  last  reach,  &otn  Mound  Place,  where  nine  sections  were  re-sonnded  in  a  dis- 
tance  of  fonr  miles,  each  section  averaged  23,800  square  feet  less  in  area  than  before 
the  flood. 

The  foUowipg  approximate  crevasse  discharges  for  the  several  reaches  were  meas- 
ured by  Assistant  Engineer  J.  B.  Johnson : 

Cnbic  feet  per  second. 

First  reach.  Lake  Charles  and  Pushmataha  Breaks, 15,000 

Second  reach,  Riverton  Break 107,400 

Third  reach,  Bolivar  Breaks 128,250 

Fourth  reach.  Mound  Place  Break 20,660 

The  above  sui-vey  occupied  from  October  10,  1882,  to  November  10,  1882,  duripg 
which  time  seventy-six  sections  were  resounded,  covering  forty  miles  of  the  total  dis- 
tance of  one  hundred  and  forty- five  miles  to  Arkansas  City.  At  the  conclusion  of  the 
work,  the  party  proceeded  to  Vicksburg,  and  joined  the  party  in  charge  of  Mr.  L.  L. 
Wheeler,  Assistant  Engineer,  then  located  at  Moore's  Landing,  according  to  your 
orders. 

Very  respectfully,  your  obedient  servant. 

HENRY  B.  WOOD, 

Aesiatant  Engineer. 
First  Lieut.  Smith  S.  Leacu, 

Secretary  Mississippi  River  Commission, 


TahU  showing  approximate  areas  of  cross-seoHons  below  a  common  wakr-level  hothh^ore  and 

after  the  flood  of  1882. 

FROM  MALONE'S  LANDING  TO  AFSTBALIA. 


Section. 


Area  before 
flood. 


Area  after 
flood. 


Stone  line  Na  38 , 

16 

17 

18 

1© 

20 

Stone  line  No.  89. 

26 

26 

27 

28 

29 

80 

81 

j2 

29"(chnte68r.I!" 

Ftohate 

88 

34 

85 

36 

87 

88 


40 

41 

42 

AKId.60 
44 


Square /eeL 

8qxi4tr€  fteL 

62,550 

97,650 

84,200 

84,100 

77,100 

68,100 

81,000 

64,000 

71,660 

69,100 

*  67,150 

60,900 

60,000 

78,400 

66,800 

61,800 

66,450 

63,250 

52,000 

59,650 

61,560 

66,500 

48,700 

»8,50O 

52,750 

67,000 

45,200 

41,000 

49,100 

44.400 

14,850 

18,860 

16.260 

19,000 

64,950 

49.100 

84,400 

77,050 

78.050 

75,550 

71,500 

78,650 

74,850 

72,850 

61,650 

68,560 

61,600 

66,660 

62.350 

66,800 

61,000 

61,000 

49.100 

60.000 

66,400 

64,000 

68,000 

73,000 

Diflbrence. 


Square  feeL 


~  100 
-9,000 
-17,000 

—  2,460 

—  8,260 
+18, 400 

—  6,000 
4-  6,800 


Remarks. 


Cut  out  by  chute  66. 


+  4,950 
-10,200 
+  4,260 

—  8,300 

-  4,700 
-1.060 
+  3,760 

6,860 


410*  below  old  sect 


-  7,360 

-  2.600 

+  7,150 

—  2.000 

-  3,100 

-  6,050 

-  6,650 

—10,000 

+   000 

Below  old  sect. 
Do. 
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2 able  »kowing  approximate  areas  of  cross-sections  below  a  common  waier-level  both  before  and 

afixr  thefiood  of  1882 — Coatinued. 

FROM  RIVERTOJf  TO  HEAD  OF  OZARK  ISLAND. 


Section. 


108 

104 

106 

107 

^ArkBiTer 

100 

UO 

Ill 

U2 

lis 

113A 

U4 

115 

Anjde  14  to  Angle  22. 
Asele  22  to  0  L 118 . . . 
ACrowPt 


Area  before 
flood. 


Square  feet. 
65,300 
74,050 
70,550 
87,100 
100,400 
71,300 
50,000 
92.000 
92,550 
68,200 
75,350 
65.250 
92,200 
12,600 
109,000 
169,050 


Area  after 
flood. 


Squarefeet. 
69,800 
64.850 
43,100 
66,400 
91,900 
90,100 
63,150 
65,600 
74,150 
65,750 
57,400 
56,450 
60,100 
84,600 
79,700 
158, 450 


Difference. 


Square  feet. 
+  4,500 

-  9, 200 
—27, 450 
—20, 700 
—17, 500 
+H?,  800 
+13, 150 
—26,400 
-18,400 

-  2,450 

-  7,960 

-  8,800 
-23,100 


Remarks. 


—29,300 
-10.600 


In  pocket  below  old  sect. 


FROM  BOLIVAR  TO  CYPRESS  CREEK. 


River. 


137 
Old 

138 

139 

140 

141  

142    

142A    

OL148 

A  Jersey  Ft 

A-T.H 

A 


C 

D 

Stone  line  No.  58. 

P     

A  Good  Lack.... 

161  

153 


.52, 500 
12.150 
82,650 
75.350 
92,150 
79,800 
74,250 
70, 100 
58,200 
57.950 
4,100 
35,250 
58,550 
87,650 
66,700 
75,950 
81,850 
62,550 
68,450 
72,500 


46,800 
11,000 
48,800 
51.850 
63,000 
70,150 
68,100 
59,750 
62,100 
45,650 
2,700 
32,900 
45,650 
60,400 
56,000 
73,600 
87,100 
68,500 
64,250 
53,900 


-  1.150 


-23, 
-29, 

-  », 
-6, 
-10, 
+  3, 
-12, 

-  1, 

-  2, 

-  7, 
-27, 
-10, 
-2. 
+  5, 

+  5. 

-4, 

"18. 


500 
150 
650 
150 
350 
900 
300 
400 
350 
900 
250 
70O 
350 
250 
050 
200 
600 


Below  old  sect. 
300"  below. 


Midstream. 

Old  River,  Catfish  T.  H. 


FROM  MOUND  PLACE  TO  ARKANSAS  CITY. 
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m I 

l?« i 

177 

178 , 

1T9 ! 

180 

Stone  line  No.  63 


60,600 
94,500 
100,700 
106,700 
79,600 
102,000 
122.350 
103,550 


71,200 
66,160 
67,160 
66,550 
64,550 
88,800 
90,000 
83,600 


+10,600 
-28,350 
-33,550 
—50,150 


-13,200 
-32,350 
-19, 950 


200"  above  old  sect. 
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APPENDIX   E. 

RBPORT  OF  ASSISTANT  ENGINEER  E.    S.   DAVIS  UPON  THE   FIELD-WORK  AND  RESULTS 

OF  TRANSALLDVIAL  LEVELS. 

Saint  Louis,  Mo.,  June  21, 1883. 

•  Sir  :  I  have  the  honor  to  submit  the  following  report  on  the  work  of  trans-allnvial 
leveling. 

The  scheme  for  this  work  contemplated  nine  sections,  located  at  the  following- 
named  places,  all  of  which  have  been  ran,  except  No.  3: 

1.  From  the  Mississippi  River,  at  Island  No.  13,  east  and  west  to  land  above  overflow. 

2.  From  the  first  Chickasaw  Bluff  west  to  land  above  overflow. 

3.  From  Memphis  west  to  uplands  beyond  the  Saint  Francis  River,  on  line  of  Mem- 
phis and  Little  Rock  Railroad. 

4.  From  Helena  east  to  upland. 

5.  Up  Cypress  Creek  to  land  above  overflow. 

6.  From  Grand  Lake  to  Bayou  Ma^on  Hills;  up  Bayou  Magon  Hills  across  the  cut-off 
to  land  above  overflew. 

7.  From  Lake  Providence  east  to  Yazoo  City. 

U.  From  Grand  Gulf  west  to  high  land  of  Sicily  Island.  ^ 

9.  From  Fort.  Adams  west  to  Avoyelles  Prairie ;  thence  two  branches,  one  across 
Bayou  BoBuf,  and  one  across  Red  River. 

The  location  of  No.  8  was  changed  from  Grand  Gulf  to  Saint  Joseph. 

The  line  contemplated  from  Memphis  has  each  season  been  omitted,  with  the  ex- 
pectation of  running  It  after  work  on  other  sections  had  been  made  impracticable  by 
the  presence  of  water  in  the  swkmps.  It  has  happened,  however,  that  this  line  has 
been  submerged  when  work  on  other  lines  had  been  abandoned,  and  it  yet  remains 
to  be  done. 

The  work  has  occupied  three  seasons.  The  following  table  gives  the  amount 
done  each  season ;  also  the  daily  average  rate  of  progress.  The  time  given  each  sea- 
son includes  the  time  from  leaving  Saint  Louis  to  date  of  disbanding  the  party : 


T  '  ~ 

Season. 

Distance. 

Time. 

Average 
daily  rate. 

1880-*81  .. 

• 

62 

52 

164 

104 
174 

JfilM. 

.41 

1881-82 

.50 

1882-*88  .. 

.97 

About  20  per  cent,  of  the  time  speut  in  the  field  has  been  occupied  in  traveling 
from  Saint  Louis  and  between  lines. 

Over  each  hue  levels  in  duplicate  and  a  traverse  have  been  run.  All  streams 
crossed  have  been  gauged  roughly  |  elevations  of  high- water  marks  have  been  taken 
where  they  could  be  found.  An  azimuth  has  been  observed  at  the  inland  end  of  each 
line  except  No.  5. 

During  the  first  season  (1880-'81),  Mr.  Huuter  Stewart  assisted  me,  he  running  the 
traverse  and  I  the  levels.  A  transit  and  stadia  were  used  in  running  the  traverse, 
the  stadia  being  used  to  measure  all  distances.  An  ordinary  level  and  target-rod 
were  used  in  running  the  levels. 

During  the  first  part  of  this  season  the  levels  were  checked  by  running  between 
benches  a  second  time.  During  the  latter  part  of  the  season  the  levels  and  check 
levels  were  run  at  the  same  time,  the  following  method  being  employed:  After  the 
rod  had  been  read  in  the  usual  position,  it  was  inverted  and  held  on  the  same  point  as 
before,  and  another  set  of  readings  taken.  This  method  of  checking  levels  will  be 
discussed  later.  During  the  second  and  third  seasons  a  combined  level  and  transit 
was  used. 

The  combination  was  made  by  fastening  the  essential  parts  of  a  Stackpole  level  to 
the  limb  of  a  Wlirdemann  transit. 
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nipleand  inexgieiiHive,  as  shown  by 


T  is  tba  tiar  of  the  transit. 

A  i*  the  transit  axis. 

C  aod  C  are  the  collara  nged  t«  bold  the  two  instrumeots  together. 

Fig.  3  is  a  hurisoDtat  projection  of  the  mma  parts. 

Fig-  3  is  a  right  aectioa  throngh  the  collars  and  ahowa  hon  the  part*  are  fuateued 
together.  When  a  transit  was  needed  for  aKimiith  ohservations,  the  screws  shown  in 
Rg.  3  were  taken  out,  the  collars  and  level  bar  removed,  and  the  transit  wyea  fastened 
OD  the  transit  bar  by  the  same  aorewa.     II  took  only  a  few  minutes  to  make  thia 

By  the  nae  of  the  combined  inatroment  one  observer  was  enablei]  to  run  the  levels, 
check  levels,  and  traveise  at  the  same  time. 

As  a  level  the  combination  worked  admirably,  »ud  the  results  of  aiiinnth  ohserva- 
tioiis  iDdicate  that  it  worked  welt  ae  a  transit,  although  the  vernier  plate  was  a  little 
below  the  (ilane  of  the  limh,  caused  by  the  weight  of  the  level  attachment. 

When  the  vernier  plate  was  brought  np  to  the  plane  of  the  limb  the  spindle  had  a 
little  play  in  its  nicket,  which  was  not  desirable  in  the  level ;  therefore  the  spindle 
was  allowed  bo  aiak  far  enough  into  ita  socket  to  prevent  the  play. 

There  was  no  means  of  cauain^  the  teleacope  to  revolve  in  a  vertical  plane,  at  the 


mpliahed  by  setting  the  ii 
roald  be  in  the  plane  in  ... 

■cope,  then  the  foot  screw  waa  used  for  incliniug  the  telescope.     By  exorcising  due 
care  only  a  amall  error  ia  introduced  in  this  way. 

The  telescope  used  containe^l  three  horizontal  cntss-wires,  all  of  which  wore  read 
when  practicable.  It  freqaeiitly  happened,  however,  that  one  or  the  other  of  the 
ontaide  wires  could  not  be  read.  The  middle  wire  aud  one  of  the  outside  wires  were 
always  read.  Distance  tables  were  computed  for  all  of  the  intervals,  so  that  distance 
from  the  instrument  to  the  rod  could  always  be  determined.  Self-reading  metric 
rods  were  naed. 

Angle  or  transit  stations  were  taken  aa  far  apart  as  the  rods  conld  be  seen.  The 
toAt  used  on  these  stations  were  straight  poles  covered  with  strips  of  black  and  white 
cloth. 

The  distance  between  transit  atations  was  obtained  by  taking  the  sum  of  the  dia- 
tanoee  moaanred  between  them. 

The  tnming  points  and  level  stations  b 
line  aa  practicable. 


□  transit  atationa  n 


early  o, 
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The  following  sketch  and  explanation  will  show  the  method : 

T              P                      T'               P'                  L  P" 

—  A  o  A o X o— 


A— 


T,  T',  and  T"  are  three  consecutive  transit  stations. 

Suppose  the  instrument  to  he  at  T ;  then  T"  is  located  as  to  direction  by  the  angles 
read  at  T'.  The  turning  point  P'  is  put  on  line  T'  T";  the  instrument  is  then  moved 
to  L  and  set  up  on  line  by  ranging  in  with  T'  and  P'  and  the  turning  point  P"  put  on 
line  L  T".  The  rods  at  P'  and  V"  are  read,  the  instrument  is  moved  to  T",  and  the 
rod  at  P"  read;  then  the  distances  T'  P',  P'  L.  L  P",  and  P"  T'  are  known  and  the 
distance  T'  T"  is  equal  to  their  sura. 

For  the  levels  two  rods  were  used,  so  that  at  every  instrument  station  the  back  and 
fore  sights  were  taken  on  different  rods.  Referring  to  sketch  above,  when  instru- 
ment is  atT'  one  rod  is  at  P  and  the  other  at  P' ;  after  completing  readings,  instrument 
is  moved  to  L,  the  rod  held  at  P  for  last  setting  is  now  carried  to  P^',  and  so  on.  By 
having  two  rods  very  little  time  is  lost  in  waiting  for  rodmen.  By  the  time  the  in- 
strument is  set  up  at  L  the  rodmau  has  had  time  to  walk  from  P  to  P^'  and  is  ready 
to  be  put  on  line. 

LEVELS  AND  CHECKING. 

The  instrument  being  set  up  between  two  turning  points,  the  rods  were  first  held 
with  their  zeros  on  the  points,  and  the  readings  recorded.  Then  the  rods  were  in- 
verted and  held  on  the  same  points  as  beibre  and  another  set  of  readings  recorded  in 
the  same  book  and  immediately  below  the  first  set. 

The  line  run  with  inverted  rods  serves  as  a  line  of  check  levels.  Wooden  pegs  were 
used  for  turning  points,  and  were. driven  down  nearly  fiush  with  the  surface  of  the 
ground,  so  that  elevations  of  turning  points  are  practically  elevations  of  the  ground. 

A  copy  of  a  page  of  my  note-book  is  given  to  illustrate  the  method  of  keeping  the 
notes  and  making  the  computations. 

An  examination  of  the  notes  will  show  that  the  method  employed  gives  two  inde- 
pendent lines  of  levels,  the  readings  on  any  one  rod  for  the  two  positions  being  en- 
tirely different,  except  when  the  middle  wire  reads  at  the  middle  of  the  rod. 


Sta- 
tion. 

s. 

B 
F 

B 
F 

B 
F 

1 
0. 

EP8 
00 

00 
100 

100 
101 

B.S. 

1.380 
1.257 
L128 

.261 
2.044 
2.178 
2.305 

.261 
1.748 
L500 
1.258 

.400 
1.684 
L031 
2.173 

.480 
1.740 
1.373 
1.018 

.722 
1.603 
2.0.')0 
2.415 

.722 

1 
E. 

36. 436 
36.262 

..'. 

136.436 
1 36. 250 

H.  of  I. 
37.603 

1 34.' 260* 

F.  S. 

L556 
1.431 
1.311 

.245 
1.877 
1.000 
2.120 

.243 
1.870 
1.618 
1.370 

.500 
L561 
L814 
2.060 

.501 
1,706 
1.310 

Int. 

- 

.261 
.244 

Dlst 

25.0 
24.3 

0. 

1 

40 

36."  262" 
•  36.144 

*37.*762* 

SO 
41 

! 

f36*250" 
f  36. 142 

1 

f3i.'328* 

.4805 
.5005 

.722 
.3865 

48.4 
40.4 

1  71.1 
;  75.2 

400 
100 



36.144* 
;  36. 108 

37.617 

f.mi42* 
t3G.  107 

fs'i.oss' 

.387 
1.728 
2.114 

.386 

Vernier  I. 


Vernier 
II. 


Remark*. 


O       I      It 

H  10  00 
208  32  00 

83  44  00 
1277  56  00 

83  30  00 
277  46  00 


I 


n 


104  18  00 

I  28  82  00 

263  44  00 

07  56  00 


Larfse  timber 
and  very  thick 
nnderbrnsh. 


The  figures  in  columns  1,  2,  3,  4,  7,  10,  11,  12  and  13  are  the  original  notes,  except 
the  intervals  written  under  each  set  of  readings  in  columns  4  and  f ;  the  other  figures 
are  reductions. 

NOTES  AND   REDUCTIONS. 

An  inspection  of  the  notes  will  show  the  manner  of  keeping  the  field  records. 
Only  the  mid-wire  readings  are  used  in  reducing  the  heights  of  instrument  and 
elevations,  the  reductions  for  rod  inverted  being  marked  (t). 
Rod  in  first  position,  back  sights  are  plus. 
Rod  in  first  position,  fore  sights  are  minus. 
Rod  inverted,  back  sights  are  minus. 
Rod  inverted,  fore  sights  are  plus. 
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The  readings  of  the  outside  wires  are  used  for  determiniDK  distances. 

The  intervals  are  taken  oat  and  placed  beneath  the  sets  of  readings  to  which  they 
beloDff.  In  the  eighth  column  the  mean  intervals  are  placed  opposite  readings  for  in- 
verted rod,  the  back-sight  interval  being  placed  first.  In  the  ninth  column  the  dis- 
taoces  are  placed  opposite  the  proper  interval. 

Of  coarse  objections  may  be  raised  to  this  jnethod  pf  checking  levels. 

It  might  be  said  that  any  lack  of  adjustment  of  the  instrument  and  local  disturb- 
ances woold  affect  both  lines  alike,  or  in  the  same  direction,  and  it  is  granted  that 
such  v^  the  case.  However,  errors  arising  from  these  sources  would  not  be  likely  to 
inflnence  the  results  beyond  the  errors  of  discrepancy  allowable  in  this  class  of  work, 
especially  when  care  is  taken  to  keep  the  instrument  in  good  adjustment,  and  to  keep 
back  and  fore  sights  equal.  I  feel  perfectly  confident  in  saying  that  this  mode  of 
checking  levels  woald  detect  any  error  caused  by  a  blunder  in  reading  the  rod.  Again, 
it  might  be  said  that  the  observer,  knowing  the  length  of  the  rod,  would  know  what 
the  second  set  of  readings  should  be,  the  sum  of  the  readings  of  any  wire  in  the  two 
positions  of  the  rod  being  equal  to  the  length  of  the  rod,  and  that  the  second  set  of 
readings  might  be  vitiated  by  any  error  that  might  have  been  made  in  the  first  set. 

I  think,  however,  that  an  error  from  this  source  would  hardly  occur,  unless  the 
observer  intentionally  computed  what  the  second  set  of  readings  should  be,  and  re- 
corded them  as  observed  readings. 

It  will  of  coarse  be  admitted  that  this  method  saves  a  great  deal  of  time,  the  only 
additional  time  required  for  checking  a  line  of  levels  being  that  necessary  to  take  a 
second  set  of  readings  at  each  instrument  station. 

There  is  still  another  advantage  of  the  system,  to  which  I  desire  to  call  attention. 
There  is  sufficient  data  given  when  all  the  wires  are  read,  to  enable  one  to  correct  any 
error  that  might  have  been  made  in  any  reading. 

MAPS. 

The  traverse  of  line  No.  1  was  plotted  on  Manilla  paper,  scale  1:10000 ;  the  profile 
was  plotted  on  cross-section  paper,  scale  1:60,  and  the  whole  transferred  to  tracing 
cloth  *  the  traverse  and  profile  of  lines  2  and  4  were  plotted  on  protractor  sheets,  hori- 
zontal scale  1:10000,  vertical  scale  1:60,  and  the  whole  transferred  to  tracing  cloth. 
The  traverse  of  lines  5,  6,  7,  8,  and  9  was  plotted  on  protractor  sheets,  scale  1:10000, 
and  their  profiles  plotted  on  tracing  cloth,  scale  16:0.  The  profiles  of  surface  of  high 
water  of  1882  have  been  plotted  on  lines  2, 5, 6, 7, 8,  and  9 ;  the  profile  of  liigh  water  of 
1867  has  beev  plotted  on  line  No.  4.  All  the  lines,  traverse  and  profile,  have  been 
plotted  on  paper :  horizontal  scale,  1:100000 ;  vertical  scale,  1:120. 

All  the  redaced  maps,  except  that  of  line  No.  1,  show  the  profile  of  surface  of  high 
water  of  1882.  The  map  of  line  1  shows  the  surface  of  high  water  of  18^  at  several 
places,  obtained  from  the  answers  to  a  set  of  questions  sent  *to  persons  residing  along 
the  section. 

The  high-water  profile  for  1882,  plotted  on  line  No.  4,  was  reduced  from  the  high- 
water  profile  of  1867,  plotted  on  the  large-scale  map  by  taking  the  difference  of  the 
high  waters  of  1867  and  1882  at  Helena,  and  making  the  profiles  paralleL  The  high- 
water  profiles  for  the  other  lines  were  plotted  from  high-water  marks  taken  while  mn- 
nine  the  sectioiis. 

The  above-named  maps  and  profiles  are  herewith  respectfully  submitted  as  a  part 
of  this  report. 

The  time  occnpied  in  completing  this  work  has  been  much  greater  than  was  at  first 
anticipated.  However,  the  nature  of  the  country  through  which  the  sections  were 
run,  taken  in  connection  with  the  fact  that  the  first  two  seasons  were  very  unfavora- 
ble, wiU  accoant,  in  some  measure,  for  the  slow  rate  of  prog^ss. 

The  country  tlu-oogh  which  the  sections  were  run  is  mainly  uninhabited,  and  is 
heavily  timbOTed.  This  made  a  great  deal  of  clearing  of  lines  necessary,  which  greatly 
retarded  the  progress  of  the  work. 

The  almost  entire  absence  of  roads  made  the  transportation  of  camp  equipage  a 
spoils  difficulty  even  when  the  swamps  were  dry ;  when  the  swamps  were  wet  the 
difficalty  was  very  mach  increased;  several  bridges  and  rafts  have  been  built  iu  order 
to  cross  streams.  It  has  been  necessary  on  several  occasions  to  abandon  all  camp 
eoaip^e  exoept  what  could  be  carried  by  my  men,  on  account  of  the  impossibility 
of  getting  pack  animals  through  the  swamps. 

very  little  time  has  been  lost  on  account  of  sickness;  in  fact,  the  health  of  my 
party  has  been  better  than  could  reasonably  have  been  expected. 
Very  reepectfully,  your  obedient  servant, 

E.  S.  DAVIS, 
United  Staiea  ABgUtant  Engineer, 

First  Lient.  Smith  C.  Lbach, 

SeereUtry  Mis^iaHppi  Biter  Ccmmiesion, 

BL  Ex.  37 12 
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APPENDIX  F. 

BSrOBTS   UPON,  AND    RB6T7LT8    OF,  JUVEB    GAUOINQS  AT  TARIOUS    POINTS  ON  THB 

lOSBISSIPPZ  ANi>    OHIO  RIVBR8. 

1.— At  Cultton,  Iowa,  and  Paduoah,  Et.— W.  O.  Pkicb,  Assistant  in  Cbarob. 

Carrollton,  La.,  May  10, 1880. 

Lieutenant:  In  aooordanoe  with  yonr  order  of  April  26, 1883, 1  have  the  honor  to 
submit  the  following  report  on  the  work  of  observing  discharge  at  Clayton,  Iowa,  and 
Padnoah,  Ky.,  and  on  methods  of  measuring  the  discharge  of  riyers. 

observations  at  CLAYTON,  IOWA. 

In  accordance  with  orders  received  from  yon,  I  arrived  at  Clapton,  lowa^  on  October 
12,  1880,  and  proceeded  to  make  a  reconnaissance  of  the  Mississippi  Biver  in  the 
vicinity  of  the  month  of  the  Wisconsin,  for  the  purpose  of  finding  .the  most  favorable 
location  for  a  discharge  section.  There  was  some  delay  in  making  the  selection,  but 
the  party  got  well  started  by  the  2&th  of  October,  and  the  work  was  carried  on  with- 
out s^ous  interruption  till  October  25, 1881.  Until  the  breaking  up  of  the  ice  on 
March  29,  1881,  all  the  velocity  observations  were  measured  with  the  meter.  After 
the  ice  stopped  running,  April  12, 18S0,  observations  were  taken  with  rod-floats,  used 
in  connection  with  the  plant. 

During  the  entire  season  222  velocity  observations  were  made,  of  which  85  were 
with  the  meter  and  137  with  rod-floats.  Besides  the  regular  velocity  observations 
for  discharge,  there  were  taken  36  sets  of  vertical  observations. 

The  balance  of  the  work  comprised : 

53  sets  slope  observations. 

28  sets  louf^itudinal  soundings. 

40  sets  sediment  observations. 

10  sets  dredginss. 

The  results  of  this  work  were  published  in  the  Report  of  the  Commission  for  1882, 
page  133. 

OBSERVATIONS  AT  PADUCAH,  KT. 

Arrived  at  Padncah  November  29, 1881,  and  made  observations  of  discharge  from 
this  time  till  November  26, 1882.  During  this  time  215  disoharses  were  measured,  of 
which  27  were  with  rod-floats  and  188  with  the  meter  and  plant.  In  addition  to 
these  velocity  observations  there  were  208  verticals  taken.  A  few  of  the  observations 
were  taken  partly  with  rods  and  partly  with  the  meter,  but  this  was  only  an  occa- 
sional occurrence. 

The  results  of  this  work,  as  computed  in  the  office  of  the  commission,  are  appended 
to  this  report. 

METHODS  OF  MEASURING  THE  DISCHARGE  OF  RIVERS. 

Method  with  double  floats. 

1  think  these  floats  do  not  give  the  mld-de^th  velocity,  owing  to  the  efl'eot  the 
current  has  on  the  upper  float  and  connecting  wire.  The  upper  float  is  also  affected 
by  the  wind.  Observers  are  supposed  to  use  a  very  fine  wire  to  connect  the  floats, 
but  as  this  causes  much  trouble  by  breaking,  a  strong  string  is  usually  put  in,  ana 
this  catches  too  much  water.  For  this  reason  the  measurement  would  be  too  great 
except  where  there  is  a  strong  up-stream  wind,  when  it  might  be  too  smalL  Meas* 
urements  of  vertical  curves  of  velocity  with  double  floats  in  an  up-stream  wind 
show  a  much  greater  decrease  of  velocity  near  the  surfftoe  than  the  same  measure- 
ments with  the  current  meter. 

The  mid-depth  velocity  is  not  always  a  mean  velocity.  I  think  it  varies  with  dif- 
ferent sections  and  with  different  stages  of  water,  bein^  from  1  to  4  per  cent,  greater 
than  the  mean.  At  Paducah,  Ky.,  dunng  the  year  1882,  it  was  about  4  per  cent,  most 
of  the  time,  being  a  little  less  at  low  water.  At  Carrollton  during  this  year's  obser- 
vations it  has  been  4  per  cent. 

For  timing  floats  a  stop-watch  is  used,  and  I  think  they  cannot  be  depended  u)  on 
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nnleas  in  the  hands  of  a  caiefUl  engineer  who  has  the  mechanioal  skill  to  keep  them 
in  order. 

There  is  no  check  on  any  of  the  observers,  one  of  whom  beinf?  a  careless  man  will 
spoil  the  accuracy  of  the  work.  The  shore  observers  may  work  with  their  instm- 
mentsont  of  adjustment ;  they  may  miss  the  float  buti  give  uie  sisnal  as  though  all  was 
riffht ;  or  the  floats,  to  save  labor,  may  not  be  adjusted  to  mia-depth,  and  Uie  chief 
of  the  party  may  not  know  it. 

Meikod  with  rod^fioaU, 

When  these  floats  are  observed  firom  the  shore^  as  with  double  floats,  there  is  no 
oheck  on  any  one  of  the  observers.  Careless  observers  will  let  the  float  project  too  much 
oat  of  water  so  that  it  is  affected  by  the  wind.  It  is  impossible  to  run  floats  nearer 
than  one  or  two  feet  of  the  bottom,  and  where  the  sand  waves  are  three  feet  high 
they  are  liable  to  be  over  three  feet  from  the  bottom  most  of  the  time.  In  deep  places 
they  often  do  not  reach  to  mid-depth. 

iM  the  vertical  curve  of  velocity  varies  very  much  with  different  sections,  and  also 
at  difforent  points  on  the  same  section,  it  is  impossible  to  make  a  formula  which  will 
rednee  the  observed  velocity  to  a  true  mean.  For  this  reason  when  the  floats  do  not 
reach  nearly  to  the  bottom  they  may  not  be  as  accurate  as  the  double  floats.  At 
CaxToUton,  La.,  where  the  water  is  over  100  feet  deep,  it  would  not  be  easv  to  run 
floats  reaching  to  mid-depth,  and  as  the  velocity  at  three-fourths  of  the  depth  is 
frequently  found  to  be  as  great  as  it  is  at  mid-depth  or  the  surface,  the  observed 
velocity  of  a  float  reduced  by  Francis'  formula  would  be  far  from  correct. 

At  Paducab^  Ey^  the  discharge  was  measured  once  a  week  during  a  part  of  the 
year  by  both  rod-floats  and  the  meter.  The  floats  were  run  at  the  same  stations  and 
at  the  same  time  that  the  meter  was  running.  The  apparatus  for  running  the  floats 
was  attached  to  the  stem  of  the  catamaran,  which  was  anchored.  The  noats  were 
timed  by  a  good  stop-watch,  which  was  kept  in  good  order,  and  it  was  stopped  and 
started  automatically  by  electricity.  During  the  time  these  measurements  were  taken 
the  river  fell  from  about  a  medium  stage  to  low  water.  At  first  the  rod-float  dis- 
charges were  the  greatest,  but  when  the  river  had  fallen  much  lower  thev  were  less 
than  those  taken  with  the  meter.  When  the  rod-float  discharges  were  the  greatest 
the  vertical  curves  of  velocity  taken  with  the  meter  were  like  Ifig.  l,and  when  they 
were  less  they  were  like  Fig.  2. 


Fig,  1.        Surface, 


Fig.  2, 


Bottom. 

This  showed  that  the  observed  velocity  of  the  floats  had  not  been  reduced  enough 
at  first,  and  afterwards  too  much,  though  the  same  formula  (Francis')  was  used  all  the 
time. 

The  method  of  running  rod-floats  from  an  anchorage  with  an  automatic  electrical 
apparatus  for  timing  them  is  far  more  accurate  than  that  with  observers  on  shore, 
and  the  only  part  not  checked  is  the  reading  of  the  stop-watch,  and  this  should  be 
tested  at  least  twice  a  day  by  comparison  with  an  ordinary  watch. 

Method  toith  current  meter. 

In  this  method  the  man  who  has  charge  of  the  field-work  can  see  that  every  part 
is  done  correctly.  An  ordinary  watch  can  be  used  for  timing  the  meter,  so  there 
is  no  error  horn  this  source. 

It  has  been  supposed  that  the  meter  measurements  are  too  great,  as  it  takes  in 
an  the  oscillations  of  the  current.  Observations  at  Paducah,  Ky.,  a  report  of  which 
forwarded  on  October  10, 1882,  show  that  the  horizontal  oscillations  of  the  cur^ 
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lent  are  so  small  they  hardly  increase  the  registrations  at  all,  while  another  obser- 
vation at  CarroUtoQ,  La.,  the  result  of  which  was  given  in  my  report  of  April  20, 
1B33|  shows  that  the  vertical  oscillations  do  not  increase  the  measurements  by  the 
meter. 

If  the  meter  is  a  good  machine  and  in  the  hands  of  a  oarefnl  observer,  I  think  it 
cannot  fail  to  give  correct  results,  while  the  methods  with  floats  have  been  in  use  for 
a  long  time,  and  have  been  carried  to  as  great  perfection  as  possible,  and  yet  do  not 
give  perfect  results. 

The  method  with  the  meter  has  been  greatly  improved  during  the  last  three  years, 
and  it  was  not  till  this  year,  after  I  haa  made  a  good  many  changes,  that  I  became 
satisfied  with  the  apparatus  in  use. 

Experience  shows  that  the  only  meter  which  will  work  in  water  which  carries 
leaves  and  grass,  is  one  with  a  wheel  which  turns  like  the  Ellis.  But  the  Ellis  meter 
was  not  constructed  with  a  knowledge  of  the  difficulties  it  would  have  to  contend 
with  in  the  Mississippi.  Owing  to  the  particles  of  sand  in  the  water  the  contact 
would  not  always  work,  and  the  bearings  of  the  wheel  were  ruined  in  a  short  time. 
Small  pieces  of  drift  striking  the  lij|;ht  wheel  bent  or  broke  it,  and  sometimes  car- 
ried it  away.  Repairs  and  new  ratings  were  required  very  often.  The  apparatus 
for  using  it  was  not  perfect.  The  insulated  wire  would  break ;  the  electric  connec- 
tion would  fail,  and  it  would  be  almost  impossible  to  find  where  the  trouble  was. 
But  the  apparatus  has  been  greatly  improved,  so  that  it  is  now  no  trouble  for  an  or- 
dinarv  boatman  to  manage  n;.  A  meter  has  been  constructed  which  overcomes  the 
old  difficulties,  and  which  requires  no  more  attention  than  simply  to  be  oiled  occa- 
sionally. 

The  meter  at  Carrolltou,  La.,  has  not  been  taken  apart,  or  received  any  attention 
except  to  oil  it,  in  nearly  three  months,  and  it  cannot  be  seen  that  it  is  worn  in  the 
least,  or  is  not  just  as  perfect  a  machine  as  when  it  was  constructed.  The  contact 
has  never  failed,  and  the  register  has  never  stopped  ekcept  when  the  insulated  wire 
was  worn  out. 

The  ratings  of  this  'meter  do  not  vary  more  than  one-tenth  of  1  ^er  cent.,  and  I 
think  that  tnis  variation  is  the  fault  of  the  observers.  It  is  my  experience  that  it  re- 
quires a  great  change  in  the  amount  of  friction  with  which  the  wheel  turns,  to  make 
1  per  cent,  variation  in  the  rating. 

C&mpari8on  of  methods. 

On  the  Lower  Mississippi,  at  high  water,  a  float  will  pass  over  the  200-foot  section 
in  less  than  30  seconds.  Ii  26  floats  are  run  (and  I  believe  that  is  about  the  usoal  num- 
ber), the  velocity  will  be  measured  Just  13  minutes  during  each  survey,  which  would 
require  about  four  hours.  Now,  if  the  meter  was  used  to  take  a  discharge,  in  four 
hours  it  would  have  been  measuring  all  the  pulsations  of  the  current  during  about 
200  minutes. 

A  float  passing  over  the  200-foot  section  in  30  seconds  measures  the  velocity  of  the 
water  onlv  in  its  immediate  vicinity,  while  the  meter  running  only  30  seconds  would 
measure  the  velocity  of  a  line  running  through  a  200-foot  block  of  water. 

Suppose  that  the  observed  velocity  of  a  float  could  always  be  reduced  to  a  true 
mean,  and  that  the  meter  always  measures  the  velocity  correctly,  it  would  require 
more  than  20  floats  to  equal  the  accuracy  of  a  10-minnte  run  of  the  meter;  and  at 
two  stations  at  Carrollton  it  is  necessary  to  run  the  meter  20  minutes  in  order  to  get 
an  average  velocity. 

Cost  oidlfferent  methods  per  month  for  large  rivers: 

Method  with  double-floats  or  rod-floats : 

One  assistant  engineer $130 

One  recorder 90 

Two  leadsmen,  at  |55 110 

Fonr  boatmen,  at  $45 ISO 

Total 510 

Method  with  current  meter : 

One  assistant  engineer $130 

One  eogineer  of  launch 90 

One  steersman .55 

Two  boatmen,  at  $45 90 

One  steam  launch 100 

Total 465 

0 
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For  smaU  riTera  where  a  wire  anchorage  can  he  used : 

Method  with  douhle-floats : 

One  aasintant  engineer $130 

One  recorder 90^ 

One  leadsman 55 

Two  hoatmen,  at  $45 90 

Total 365 

Method  with  rod-floats  or  the  meter : 

One  assistant  engineer $  130 

Two  hoatmen,  at  $45 90 

Total 220 

The  above  is  the  force  required  to  measure  the  diBChar|;e.  If  the  work  is  to  he  com- 
puted in  the  field,  one  recorder  will  he  required  in  addition  to  the  force  g^ven  for  each 
method,  though  the  work  could  be  partly  computed  withoot  him.  Data  taken  with 
the  meter  are  much  the  easiest  to  compute. 

» 

CONCLUSION. 

I  think  the  method  with  the  current  meter  is  the  most  accurate  and  reliable,  and 
for  la^e  rivers  it  is  the  cheapest.  For  small  rivers  the  method  with  rod-floats  is 
nearly  as  cheap  as  the  method  with  the  meter. 

For  small  rivers  where  a  wire  anchorage  can  be  used,  the  method  with  rod-floats  is 
much  more  accurate  than  the  method  with  double-floats  observed  j&om  the  shore ;  but 
in  a  large,  deep  river  I  doubt  if  the  rod-floats  are  as  accurate  as  the  donble*floats. 

I  reoommend  the  following  method  for  measuring  the  discharge  of  rivers : 

Location  of  aootion. 

The  section  should  be  located  in  a  straight  reach  if  possible  and  not  very  near  a 
tributary. 

The  section  at  Paduoah,  Ey.,  was  located  just  below  the  mouth  of  the  Tennessee, 
and  the  Tennessee  water  being  warmest,  and  therefore  lightest,  spread  over  the  Ohio 
water;  and  as  the  Tennessee  current  was  much  the  slowest,  there  was  a  slow  surface 
current  and  a  swift  undercurrent ;  and  these  currents  were  not  parallel,  but  ran  at 
an  angle  of  about  W° ;  this  caused  a  great  deal  of  trouble.  When  the  section  was 
laid  out  in  November  the  currents  were  all  right ;  the  trouble  did  not  beg^n  till  the 
next  June. 

Method  of  locating  section. 

The  section  line  should  be  made  at  right  angles  to  the  average  direction  taken  by 
at  least  twenty  rod-floats.  The  floats  should  be  started  from  points  not  over  150  feet 
apart  and  about  100  feet  above  a  preliminary  section  line  taken  at  risht  angles  to  the 
Buore  line.  The  floats  must  be  started  from  an  anchored  skiflj  and  with  a  sextant 
set  at  90*^,  a  line  at  right  angles  to  the  direction  taken  by  the  float  should  be  staked 
ofl'  on  shore.    A  mean  of  all  tnese  right-angle  lines  will  be  the  best  section  line. 

If  the  section  is  not  a  very  g^od  one  the  current  on  one  side  of  the  river  may  not 
run  parallel  with  the  current  on  the  other  side ;.  in  this  case  it  might  be  best  to  make 
an  angle  in  the  section  line. 

Method  of  locating  soundings  and  meter  stations  on  section  line. 

Erect  a  line  of  signals  on  shore  at  right  angles  to  the  section  line  and  up  the  river 
from  it;  make  the  length  of  the  signal  line  one-fourth  the  width  of  the  river.  The 
signals  must  all  be  25  feet  apart,  except  the  first  six,  which  must  he  only  5  feet  apart ; 
make  the  width  of  the  signal  cloth  1  foot,  and  the  height  about  3  feet.  Every  fifth 
signal  of  those  25  feet  apart  should  be  double  in  height,  so  as  to  distinguish  it  from 
the  others. 

An  ordinary  sextant,  or  a  cheap  one  made  after  the  plan  accompanying  this  report, 
must  then  be  set  at  an  angle  of  14^  OS'.  This  is  an  angle  in  a  right-angled  triangle, 
such  that  the  base  is  four  times  the  perpendicular ;  then  every  35  foot  space  covered 
by  tiie  sextant  will  equal  100  feet  out  on  the  sectifRi  line,  and  every  fraction  of  25 
leei  will  equal  such  a  fraction  of  100  feet  out.  It  is  easy  to  read  the  distance  in  this 
way  to  within  1  or  2  feet.  The  sextant  should  be  tested  every  morning  by  measnr* 
ing  with  it  the  known  distance  across  the  river. 
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LooaHan  9f  velocity  utaUons,  i 

The  Telocity  should  be  meaaured  at  at  least  18  stations ;  that  is  the  nnmber  now 
^ised  at  Carroliton,  La.  The  Telocity  stations  should  be  near  together  where  the  curre 
^f  Telocity  is  sharp,  and  farther  apart  at  other  places.  In  order  to  saTc  labor  in  com- 
puting, the  stations  should  be  located  at  the  same  distance  from  the  base  line  CTery 
day ;  and  the  last  two  figures  of  the  distance  should  be  00,  20,  40,  60,  or  80. 

In  a  larffe  riTcr  where  the  wire  anchorage  cannot  be  used,  the  Telocity  stations 
should  be  fixed  by  diagonal  range  lines  on  shore  and  aboTe  the  section.  These  rangs 
lines  should  not  cross  the  section  line  at  a  sharper  angle  than  60^,  and  the  nearer  90° 
it  is  the  better. 

Method  of  holding  oaiamaran  at  the  station. 

Where  the  wire  anchorage  cannot  be  used,  the  catamaran  should  be  lashed  to  the 
^ide  of  a  launch  and  kept  steady  at  the  station  by  the  pilot  and  engineer ;  great  care 
being  taken  that  the  run  of  the  meter  begins  and  ends  just  on  the  section  line. 

The  wire  anchorage. 

In  a  rlTcr  which  does  not  carry  much  drift  the  catamaran  should  be  held  in  posi- 
tion by  a  wire  anchorage  laid  about  15  feet  aboTe  the  section  line. 

The  cross-wire  should  be  made  of  No.  10  steel  wire,  and  should  be  made  in  links  80 
fSeet  3  inches  long :  the  links  must  be  Joined  by  wrought-iron  rings  2  inches  in  diam- 
ter ;  this  makes  the  distance  finom  station  to  station  80  feet,  and  allows  4  inches  for 
the  sag  of  the  wire ;  experience  teaches  that  this  is  about  the  right  amount. 

The  cross-wire  must  be  supported  at  each  station  by  an  anchor  wire  running  up- 
stream to  a  rock  weighing  at  least  250  pounds ;  the  length  of  the  anchor  wire  must  oe 
fiTc  times  the  depth  of  the  water. 

A  machine  for  pulling  the  catamaran  across  on  the  wire  should  be  used ;  it  should  be 
placed  on  a  platform  3|  feet  wide,  which  should  project  4  feet  ahead  of  the  catamaran 
akifib;  this  platform  most  be  Teiy  strong. 

The  direction  in  which  the  catamaran  is  taken  across  the  anchorage  must  be  re- 
versed every  time.  If  the  current  is  Tery  swift  the  wire  cannot  be  run  twice  in  the 
same  direction  without  breaking  it,  while  if  the  direction  is  always  rcTersed,  it  will 
last  a  long  time.  When  the  anchorage  has  been  used  some  time,  it  is  best  to  double 
the  cross- wire;  during  high  water  it  will  probably  be  necessary  to  raise  the  cross- 
wire  CTery  day  to  prcTcnt  its  becoming  buned  under  the  sand  waves. 

Method  of  using  the  meter. 

The  meter  should  be  lowered  from  the  stem  of  the  catamaran  by  two  No.  10  iron 
wires,  one  of  which  should  be  graduated  to  feet,  and  marked  at  CTery  10  feet  by  a  red 
or  white  piece  of  cloth  tied  round  it ;  the  wire  must  be  graduated  by  soldering  to  it  a 
close  winding  of  iron-thread  wire,  which  should  not  be  OTcr  t^  of  an  inch  in  diam- 
eter. It  requires  about  one  hour  for  a  party  to  graduate  a  wire  in  this  way,  and  if 
properly  done  it  will  last  three  months.  The  other  wire  is  the  safety  wire,  and  it  has 
the  insulated  wire  wound  around  it;  it  is  necessary  that  the  insulated  wire  be  wound 
around  the  other,  as  if  it  is  only  tied  to  it,  it  will  Tibrate  in  the  water  and  break  in  a 
short  time  where  it  is  tied.  The  safety  wire  should  be  renewed  occasionally  to  insure 
against  losing  the  meter.  These  wires  should  run  oTer  large  wooden  pulleys  18  inches 
in  diameter:  small  iron  pulleys  will  break  the  wire  in  a  short  time. 

The  electric  circuit  is  formed  by  two  wires,  one  of  which  is  the  iron  graduated  wire ; 
the  electricity  passes  from  this  to  the  iron  reel  on  the  catamaran,  and  is  taken  from 
the  shaft  of  the  reel  by  three  brass  springs  which  press  against  a  copper  band  which 
is  soldered  around  the  shaft ;  the  other  wire  is  insulated,  and  is  wound  around  the 
iron  safety  wire  which  runs  off  the  other  reel ;  the  insulated  wire  passes  down  to  the 
shaft  of  the  reel,  and  out  through  a  grooTe  under  the  bearing  to  another  copper  band 
which  is  insulated  from  the  shaft  by  pine  wedges  drlTen  under  it ;  three  springs 
press  against  this  band  the  same  as  on  the  other  reel;  two  or  more  springs  are  neces- 
ranr,  as  one  wQl  fail  to  carry  the  current  occasionally. 

The  meter  frame  is  allowed  to  turn  both  horizontally  and  Tcrtically.  It  is  fastened 
to  the  iron  rod  one  foot  aboTe  the  weight ;  the  rod  should  be  three-fourths  of  an  inch 
in  diameter.  The  weight  is  linked  to  the  rod  so  that  the  Tane  keeps  it  parallel  with 
the  current. 

IniegraOone  with  the  meter. 

If  integrations  are  to  be  taken  with  this  apparatus,  they  must  be  taken  in  both  direc- 
ti.iUH,  top  to  bottom  and  bottom  to  top,  and  a  mean  of  tne  two  used. 
In  the  right-angled  triangle  A  B  C,  let  A  B  equal  the  distance  the  water  runs  while 
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the  meter  is  moTing  from  the  top  to  the  bottom,  and  B  C  equal  the  depth  of  the  water; 
then  the  line  measured  by  the  meter  will  be  A  C. 


The  meter  most  be  lowered  at  sach  a  slow  rate  that  the  line  A  B  will  be  rery  long 
ia  proportion  to  B  C,  so  that  it  will  nearly  equal  A  C. 

Mid-<lepth  velocUieB. 

In  taking  the  velocity  at  mid-depth,  the  meter  must  first  be  lowered  to  the  bottom 
and  the  sounding  read  on  the  wire ;  divide  this  sounding  by  2  for  the  midndepth. 
Owiuff  to  the  sag  of  the  wire  down  stream,  this  sounding  is  ppreater  than  that  taJcen 
with  the  lead-line,  and  must  not  be  used  in  calculating  the  discharge. 

S(ntnding  the  teoHon. 

The  section  should  be  sounded  just  before  or  Just  after  the  measurement  of  velocity, 
«xcept  where  a  wire  anchorage  is  used ;  in  that  case  the  section  can  be  sounded  at  the 
same  time  with  the  measurement  of  velocity. 

Hie  soundings  should  not  average  over  45  fset  apart.  The  soundings  should  be  read 
by  both  leadsman  and  recorder. 

If  an  ordinary  lead-line  is  used,  it  should  be  tested  as  follows :  Just  as  soon  as  the 
aofundines  are  finished,  fasten  the  lead  on  the  ground  and  tie  a  spring  balance  to  the 
end  of  &e  line ;  give  the  line  one  quick  pull  and  fasten  it ;  make  the  pull  just  ecfual 
to  the  puU  which  the  leadsman  gives  the  line  when  he  raises  it  to  take  the  sounding ; 
then  measure  the  line  and  correct  the  soundings  accordingly ;  remember  that  i£  the 
line  is  too  short,  the  soundings  are  too  great.  With  a  16-XK)und  lead  and  100  ftot  of 
line,  the  pull  is  about  96  pounds. 

Method  of  reading  gauge. 

When  the  river  is  rou£[h  the  gau^e  should  be  read  with  an  instrument,  a  plan  of 
which  is  inclosed.  The  instrument  is  clamped  at  an  even  tenth  of  a  foot  on  the  gau^e ; 
then  the  distance  from  the  clamp  to  the  water  is  read  on  the  graduated  plate  which 
rises  up  in  the  center.  A  small  hole  near  the  bottom  of  the  pipe  lets  m  the  water 
which  lifts  the  air-tight  float  and  ^^raduated  plate.  When  the  waves  are  6  inches  high 
the  gauge  can  be  read  with  this  instrument  to  within  one  or  two-thousandths  or  a 
ixyt. 

Method  of  meaeuring  dieeharge  when  the  river  ie  frozen  over. 

When  the  river  is  covered  with  ice  the  meter  must  be  put  down  through  holes,  and 
an  apparatus,  a  plan  of  which  is  inclosed,  should  be  constructed  for  the  purpose. 

It  is  a  house  on  a  sled  and  contains  a  stove,  which  is  fed  from  the  outside,  a  fuel 
box,  a  battery  box,  and  two  reels  for  lifting  the  meter,  the  handles  to  the  reels  being 
turned  from  tne  outside.  It  is  large  enough  for  one  man  only,  and  should  be  made  as 
li^t  as  possible.  The  meter  is  lowered  through  a  trap-door  |  one  reel  carries  a  standing 
wire  with  heavy  weight,  and  the  other  carries  a  smaller  wire  with  the  insulated  wire 
wound  around  it,  which  is  fastened  to  the  top  of  a  piece  of  gas-pipe ;  the  meter  fastened 
to  the  gas-pipe  slides  up  and  down  on  the  standing  wire. 

The  eleotrie  current  is  carried  by  the  insulated  wire  and  the  wire  around  which  it  is 
wound.  It  is  taken  from  the  hub  of  the  reel  by  copper  bands  and  springs,  the  same 
as  are  used  on  the  catamaran ;  the  standing  wire  should  be  graduated  to  feet. 

Method  of  reading  the  gauge  through  the  ice. 

Cut  a  hole  where  the  water  is  not  over  4  or  5  feet  deep,  and  drive  in  a  stake  with  a 
round  top ;  let  the  top  of  the  stake  be  about  8  inches  above  the  bed  of  the  river ;  de- 
termine the  elevation  of  the  stake  by  leveling  to  a  bench-mark ;  read  the  elevation 
of  the  water  by  measuring  fi^m  the  top  of  the  stake  to  the  surface  of  the  water,  using 
a  graduated  rod  with  a  piece  of  board  on  the  end,  as  shown  in  the  plan  accompanying 
this  reports    It  will  be  necessary  to  melt  the  ice  fix>m  the  rod  after  each  reading. 
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Bluing  of  meUr, 

The  meter  should  he  rated  in  a  lake  of  still  water,  which  should  not  he  less  than  5 
feet  deep ;  put  the  meter  on  an  iron  rod  so  that  it  is  free  to  swinf;  in  any  direction ; 
fasten  tne  rod  in  front  of  a  skiff  so  that  the  meter  will  he  some  distance  under  water  ; 
if  the  meter  is  too  near  to  the  surface  or  to  the  skiff,  a  ^ood  rating  will  not  he  obtained. 
Draw  the  skiff  by  means  of  a  rope  at  different  velocities  over  a  hase  of  200  feet.  Ex- 
amine the  meter  occasionally  to  see  if  the  connecting  wires  have  not  become  twisted 
around  the  iron  rod,  so  as  to  hold  the. meter  out  of  line  with  the  current. 

All  the  ratings  of  a  meter  should  be  the  same,  unless  the  wheel  has  been  bent. 

All  the  methods,  instruments,  and  every  part  of  the  apparatus  given  in  this  roport 
have  been  used  by  me  for  a  long  time,  and  are  known  to  work  well.  The  drawings 
accompanying  this  report  wero  made  by  Mr.  M.  K.  Bowen,  recorder. 

Respectfully  submitted. 

W.  G.  PRICE, 

A89i$tani  Engineer, 

First  Lieut.  Smith  S.  Lbach, 

Secretary  Mieeieeippi  Biver  CommUeUm. 

DUckarge  oheervaiione,  Padueah,  Ky, 

This  section,  of  which  a  sketch  and  profile  aro  given  below,  was  located  2^  miles 
below  the  mouth  of  the  Tennessee  River.  Parallel  base  lines,  one  on  each  shoro,  were 
fixed,  and  the  observations  taken  on  a  line  at  right  angles  to  these ;  the  distance  be- 
tween bases  was  4,100  feet.  Velocity  was  taken  at  sixteen  or  seventeen  stations  on 
this  line,  and  soundings  for  section  wero  made  at  intervals  varying  from  50  to  100  feet. 

Above  the  stage  of  41  feet  the  Illinois  bank  was  overflowed  for  a  limited  width.  As 
this  bank  was  coverod  with  a  dense  ^^wth,  the  shore-line  at  high  stages  was  placed 
whero  the  curront  became  imi>eroeptible. 

At  a  stage  of.  43  feet^  on  the  Kentucli^  side,  the  water  roached  the  top  of  an  old 
earthwork  oehind  which  was  a  depression,  the  bottom  of  which  was  at  the  34-foot 
level.  The  water  width  and  aroa  of  this  deprossion  were  neglected  in  the  field  com- 
putations, but  were  included  in  the  revision  made  in  the  office. 

A  peculiar  feature  of  this  section  is  that  at  this  point  the  waters  of  the  two  rivers 
aro  still  but  imperfectly  mingled,  the  fiow  of  the  Tennessee  overlying  that  of  the 
Ohio  for  some  distance  out  from  the  Kentucky  side.  In  consequence,  the  velocities 
taken  by  the  meter  at  mid-depth,  in  this  part  of  the  section,  being  those  of  the  un- 
derlying curront  (Ohio),  which  is  hero  swirter  than  that  of  the  Tennessee,  aro  higher 
than  the  mean  velocities  indicated  by  integration  measurements,  while  the  corre- 
sponding rod-float  velocities  aro  rogularl^  less  than  the  mean.  In  the  field  computa- 
tions this  anomaly  was  disregarded,  but  in  the  office  computations,  these  mid-aepth 
velocities  wero  corrocted  by  Uie  use  of  coefficients  deduced  from  the  Velocity  curves. 

In  the  tables  the  mean  gauge  roading  is  given  for  noon,  while  the  computations  aro 
based  upon  the  gauge  height  at  the  mean  time  of  observation. 

Scour  and  fill  is  the  differonce  between  the  change  of  area  as  observed  and  that 
computed  from  the  change  of  gauge ;  scour  is  recorded  as  plus,  fill  as  minus. 

The  datum  stage  was  taken  at  50  feet,  and  an  area  below  this  aatum  assumed.  ''Area 
below  datum''  for  each  discharge  was  obtained  by  combining  the  scour  or  fill  with 
the  preceding  datum  aroa. 

The  diroction  of  the  wind  is  recorded  by  the  ''  clock-face"  method,  XII  being  up- 
stroam.    Foroe  is  estimated  on  a  scale  of  1  to  10. 

The  computations  from  the  beginning  of  observations  to  August  12  wero  made 
in  the  field ;  after  that  date  in  the  office. 

E.  H.  TWIKING. 

NoTB. — ^The  discharge  at  this  point  is  subject  to  the  control  of  such  varying  con- 
ditions, that  the  plotted  sheet  shows  frequent  departures  from  a  normal  curve. 

The  conditions  of  control  are — ^the  stage  of  water  at  the  mouth  of  the  Ohio,  that 
of  the  Upper  Ohio,  and  that  of  the  Tennessee. 
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2.— At  Columbus,  Kt.,  J.  H.  Davis,  Assistant  in  Charqb. 

Office  Mississippi  River  Commission, 

Saint  LouU,  Mo.y  July  7,  1883. 

Sir:  I  have  the  honor  to  submit  the  following  report  on  the  observaMons  made  at 
Colnmbus,  Ky.,  from  December  17, 1H61,  to  November  25, 1882.    The  work  oonaisted  of: 

let.  Discharge  observations. 

2d.  Determining  vertical  velocity  curves. 

3d.  Determining  transverse  velocity  curves. 

4th.  Longitudinal  soundings. 

5th.  Cross-section  soundings. 

6th.  Experiments  on  subsurface  currents. 

Prtliminary  work, — The  party,  consisting,  at  first  of  assistant,  recorder,  and  three 
boatmen,  reached  Columbus  on  the  29th  of  November.  After  locating,  operations 
were  be{[un  by  making  a  reconnaissance  of  the  river  in  front  of  town  for  the  purpose 
of  selectiug  a  suitable  gauging  section.  This  being  completed,  several  days  were 
occupied  in  making  the  necessary  preparations  for  the  work  in  view.  These  were 
delayed  somewhat  on  account  of  having  shipped  most  of  the  material  to  Natchez,  the 
place  at  first  selected  for  the  observations.  It  was  not  returned  to  Columbus  till 
December  7,  nine  days  after  the  arrival  of  the  party.  Meanwhile  the  party  were 
employed  in  building  a  catamaran  and  making  such  utensils  as  were  needed  in  manip- 
ulating the  meter.  Range  lines  were  also  laid  off,  and  signals  made  and  erected  ui>on 
them.  A  water-gauge  was  put  up,  and  tri-daily  observations  upon  the  staee  of  the 
river  commenced.  The  preliminaries  having  been  completed,  the  first  discharge 
measurements  were  made  on  the  17th  of  December. 

StaUmenU — The  discharge  observations  were  made  daily,  Sundays  excepted.  From 
December  17,  1881,  to  November  25,  1882,  there  were  made  in  all  243  sets  of  discbarge 
observations.  Of  these,  8  sets  were  made  with  double  floats,  83  sets  with  rod-floata, 
and  162  sets  with  the  current  meter.  Frequent  omissions  occurred  in  the  early  part 
of  the  work  on  account  of  bad  weather  and  accidents  to  instruments  and  machinery. 

Usually  the  observations  for  a  vertical  curve  were  made  upon  each  day  that  the 
meter  was  used  in  the  discharge  measurements.  There  were  fi'equent  omissions,  how- 
ever, owing  to  a  lack  of  time.  During  the  year  there  were  101  curves  determined. 
They  were  distributed  across  the  river  so  as  to  include  all  depths  and  velocities. 

The  transverse  velocity  observations  were  made  monthly.  Owing  to  high  water 
and  the  frequent  repairs  to  the  launch,  they  were  not  begun  till  the  last  of  March. 
From  that  time  until  the  close  of  the  work  8  curves  were  determined.  They  extend 
over  a  period  that  includes  all  the  stages  of  the  river  from  bi^h  to  low. 

The  longitudinal  soundings  were  made  weekly  when  the  time  was  not  fhlly  occu- 
pied with  more  important  work.  There  were  31  sets  made  during  the  year,  a  set  con- 
sisting of  firom  12  to  15  lines  of  soundings  over  a  reach  of  500  feet. 

The  cross-section  soundings  were  made  for  the  purpose  of  determining  the  amount 
of  scour  or  fill,  in  sharp  bends,  due  to  certain  chanffes  in  the  stage  of  the  river.  They 
were  all  made  on  one  section,  and  at  oscillations  of  about  3  feet  on  the  gauge.  From 
May  to  November,  11  sets  of  about  75  soundings  were  made. 

The  experiments  on  the  direction  of  subsunace  currents  were  unsaccessfuL  The 
apparatus  could  not  be  made  to  do  the  work  for  which  it  was  designed.  The  reaalts 
were  wholly  unreliable  and  were  not  recorded. 

Di$oharge  oheervatUms, — These  may  be  divided  into  three  classes :  1st,  observations 
made  with  double  floats;  2d,  observations  made  with  rod-floats:  3d,  observations 
made  with  a  current  meter.  The  last  two  admit  each  of  a  subdivision,  as  will  be 
seen  ftom  a  description  of  the  methods  employed. 

From  December  17  to  28,  inclusive,  the  double  floats  were  used  in  discharge  meas- 
nrements,  there  being  no  other  method  practicable  at  the  time.  They  were  of  the 
pattern  of  those  used  by  Assistant  W.  U.  Powless,  at  Fulton,  Tenn.,  a  small  cord 
being  used  for  connecting  the  surface  and  subsurface  parts. 

On  December  29^  in  accordance  with  instructions,  rods  were  substituted  for  double 
floats.  They  consisted  of  tin  tubes  li  inches  in  diameter,  connected  and  buoyed  by  a 
wooden  rod*  of  the  same  diameter.  The  tubes  were  perforated  so  as  to  admit  the 
water  freely.  The  rod  thus  constructed  was  immersed  about  37  feet  in  deep  water. 
This  varied  from  one- third  to  one-half  the  greatest  river  depth  on  the  gauging  section. 
Kod-floats  were  used  with  few  exceptions  until  March  18,  and  at  intervals  of  about 
two  weeks  during  the  remainder  of  the  observations.  In  all  obbervations  previous  to 
March  1,  the  floats  were  located  in  one  point  of  their  paths  only,  and  by  means  of  the 
telemeter  (see  description).  After  that  date,  they  were  located  in  two  points,  by 
means  of  a  transit.  On  the  12tii  of  September,  a  goniometer  was  substituted  fbr  the 
transit. 

The  instructions  were  to  use  the  current  meter  in  discharge  measurements^  but  it 
was  not  practicable  to  do  so  in  the  early  part  of  the  work.  It  could  not  be  used 
without  tne  launch,  which  did  not  arrive  till  the  25th  of  December,  and  was  not  serv* 
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iceable  for  more  than  a  month  following,  except  for  very  short  periods.  The  meter 
was  first  used  on  January  24,  but  with  only  partial  success.  It  was  also  used  on  tb» 
27th  and  2Uth,  and  a  few  times  in  February.  From  the  middle  of  Febniary  to  th» 
middle  of  March,  the  high  water  and  heavy  drift  rendered  it  very  difficult  to  get.  a 
complete  discharge  measurement  with  the  meter  at  all,  and  at  best  the  work  was  very- 
unsatisfactory.  During  a  week  of  the  time,  also,  the  launch  was  at  Cairo  for  repairs.. 
It  being  very  desirable  to  have  a  complete  set  of  observations  over  this  the  highest 
stage  of  the  river,  not  only  of  that  year,  but  then  on  record,  it  was  thought  advisable) 
to  use  rod-floats  exclusively,  that  being  a  surer  method  of  obtaining  complete  results* 
After  March  18,  the  meter  came  into  constant  use«  the  water  having  fallen  sufficiently 
to  handle  it  with  safety  and  comparative  ease.  The  rod-floats  were  still  used  at  in- 
tervals of  about  two  weeks,  in  accordance  with  instructions,  and  sometimes  oftener, 
when  the  meter  needed  repairing  After  and  including  March  18,  with  few  exceptions^ 
the  boat  was  anchored  during  the  observations  with  the  meter.  Previous  to  that- 
time,  the  obaervations  were  made  without  anchoring.  Both  methods  are  described 
below. 

MXTHODB. 

Double  JU>at8» — Two  ranges  were  la^d  off,  100  feet  apart,  and  aa  nearly  parallel  a» 
was  practicable,  with  no  better  instrument  than  a  cloth  tape-line.  They  were  als» 
ptaotieally  at  right  angles  to  the  thread  of  the  current. 

On  theae  ranges  front  and  back  signals  were  erected  on  both  shorea^and  also  inter- 
mediate  ones  ior  use  in  measuring  distances  with  the  telemeter.  The  floats  were 
manipulated  by  an  observer  in  a  skiff.  The  connecting  cord  was  made  of  sufficient 
length  to  allow  the  subfloat  to  run  practically  at  mid-depth,  the  limit  being  betweem 
foor-tentha  and  six-tenths  of  the  depth.  The  float  was  put  out  far  enough  above  the^ 
upper  range  to  assume  a  uniform  rate  before  reaching  it.  The  skiff  was  kept  in  lin» 
with  the  float  and  at  a  convenient  distance  behind  it,  while  passing  tbe  ranges.  The 
distance  from  shore  was  measured  by  the  observer  in  the  skiff,  when  he  reached  a 
point  about  midway  between  the  two  ranges,  the  telemeter  being  used  for  this  pur- 
poae.  Soundings  were  taken  on  each  range  by  a  leadsman  in  the  bow  of  the  skiffL 
After  passing  the  lower  range,  the  float  was  picked  up,  the  skiff  rowed  above  line^ 
and  the  operation  repeated  for  each  successive  observation.  The  float  was  timed  hy 
«D  observer  on  shore,  who  watched  its  crossing  of  the  ranges,  and  at  the  same  tim» 
manipulated  a  stop-watch.  To  aid  him  in  det-ermining  wnen  tbe  float  crossed  tha 
raagee,  a  fine  vertical  wire  was  employed  at  each  of  the  range  stations.  By  standing 
jaaA>ehind  it,  and  keeping  it  in  line  witb  himself  and  the  signal  across  the  river,  the  tim» 
o€  the  floata  crossing  could  be  determined  with  tolerable  exactness.  A  fleld-glass  waa 
also  oaed,  through  which  the  wire,  the  signal  across  the  river,  and  the  float,  could  be 
distinctly  seen  at  the  same  time. 

The  actual  float^path  could  not  be  measured  by  this  method.  In  the  compntationa 
it  was  eonsidered  100  feet.  In  most  cases  it  was  greater,  and  where  great  accuracy 
ia  desired,  the  length  of  path  should  be  corrected  oy  those  determined  afterwards  at 
cnresponding  stages,  bjr  use  of  the  transit. 

Bod'floaU, — (1).  Previous  to  the  use  of  the  transit,  March  1,  the  method  of  using: 
rod-floats  was  the  same  as  that  for  double  floats,  except  that  they  were  not  run  at 
mid-depth.  With  few  exceptions  37  feet  was  the  immersion  used  in  deep-water  ob- 
servationa.  That  for  shallow  water  was  regulated  by  the  sounding,  the  float  being; 
nm  as  near  the  bottom  as  practicable  without  touching. 

JZo^^foois.— <2).  A  B.  &  B.  transit  (No.  237)  was  received  the  latter  part  of  February^ 
and  brought  into  immediate  use  in  tne  discharge  observations  with  floats.  The  ranga 
lines  were  tested  and  found  but  slightly  out.  A  base  line  of  515  feet  was  laid  off  at 
right  angles  to  the  ranges,  and  a  transit  station  established  at  its  extremity.  A  tele- 
graph line  was  erected  for  the  purpose  of  signalling  from  the  station  on  the  ranges  to 
the  transit  station.  A  key  was  placed  in  the  circuit  at  each  of  the  range  statious  audi 
a  sounder  at  the  transit  station.  The  circuit  was  left  open  and  could  be  closed  by 
toaehing  either  key.  The  floata  were  handled  from  a  skiff,  the  launch  being  used  for 
towing  it  above  the  ranges.  The  boatmen  were  necessarily  relied  upon  for  correct 
manipulation  of  the  float  as  well  as  the  taking  and  recording  of  the  soundings.  The- 
transit  being  in  position  and  properly  set  with  the  lower  plate  clamped,  the  battery 
and  all  being  in  perfect  working  order,  the  following  programme  was  carried  out  for- 
each  observation: 

The  float  was  spliced  and  lowered  some  distance  above  the  upper  range,  so  as  to> 
assume  an  erect  position  and  uniform  movement  before  reaching  it.  An  observer  on 
the  upper  range  watched  the  float  until  it  came  within  a  few  feet  of  line,  when  he 
touched  bis  key  twice,  for  a  ready  signal  to  the  bbserver  at  the  transit.  When  the 
float  reached  the  range  the  observer  touched  his  key  once  and  immediately  went  to» 
the  lower  range.    Here  the  same  signals  was  given  as  on  the  upper  range. 

The  obeerver  at  the  transit  having  brought  the  float  into  his  field  of  view,  followed 
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2t  without  clamping  until  the  first  signal  came  fh)m  the  observer  on  the  upper  range. 
Hh  then  clamped  the  vernier  plate  and  followed  the  float  by  turning  the  tangent 
«crew  until  the  second  signal  came.  He  immediately  stopped  the  motion  of  the  screw 
«nd  read  and  recorded  the  angle ;  unclamping  the  vernier  plate,  he  again  caught  the 
:float  in  the  field  of  view,  and  followed  it  until  the  signals  came,  £rom  the  lower  range, 
when  the  manipulations  were  the  same  as  above. 

The  time  was  taken  with  an  ordinary  watch  by  an  observer  at  the  transit  station. 
The  watch  was  read  at  each  crossing  signal.  The  difference  of  the- two  readings  was 
taken  for  the  time  of  passage.  To  aid  the  observer  in  reading  fractions  of  a  second, 
A  microscope  was  used.    By  means  of  it,  the  watch  could  be  read  to  quarter  seconds. 

A  discharge  measurement  with  floats  consisted  of  from  20  to  25  observations  dis- 
'tribnted  equally  across  the  river. 

The  current  meter, — (1.)  When  anchored. — ^The  meter  was  handled  from  a  catamarau 
swinging  from  the  launch  at  anchor.  The  latter  was  held  by  one  bow  anchor,  re- 
quiring, at  high  stages^  the  aid  of  the  engine  to  prevent  drifting. 

The  catamaran,  which  was  of  the  usual  construction,  was  connected  with  the 
launch  in  the  following  manner:  The  ends  of  a  rope  were  attached  respectively  to  the 
«tem  kevels  of  the  launch,  allowing  a  few  feet  of  slack^;  another  rope  was  similarly 
Attached  to  the  outer  bow  kevels  ofthe  catamaran.  The  middle  points  of  these  were 
connected  by  a  third  rope,  of  variable  length,  fonning  a  doable  Y,  thus: 


The  whole  plant,  consisting  of  the  launch  and  catamaran,  together  with  the  anchor 
xope,  was  free  to  swing  with  the  current.  The  distance  between  the  launch  and  cat- 
amaran was  varied  to  suit  the  requirements  of  the  wind,  and  the  depth  and  velooity 
of  the  water.  It  was  necessary,  with  a  strong  up-stream  or  cross-stream  wind  and  a 
^ow  current,  to  bring  the  catamaran  in  close  proximity  to  the  launch.  The  greatest 
distance  employed  was  about  75  feet. 

The  meter  was  lowered  from  the  back  part  of  the  catamaran.  To  do  this  it  waa 
€r8t  clamped  to  a  rod,  let  into  a  leaden  weight  of  60  pounds,  cylindrical  in  shape. 
On  the  upper  part  of  tne  rod  was  a  movable  nng  for  attaching  the  lowering  wire. 

The  meter,  thus  clamped  to  the  rod  and  weight,  was  suspended  by  a  No.  11  annealed 
•teel  wire,  that  passed  over  a  pulley  at  the  back  ofthe  catamaran,  and  thence  around 
A  reel  conveniently  near.  To  overcome,  as  much  as  possible,  the  action  of  the  our- 
xent  in  carrying  the  meter  down  stream,  a  guy-cord  of  i  inch  cotton  was  attached  to 
the  rod  above  the  meter,  passed  over  a  pulley  at  the  stem  of  the  launch,  and  thence 
around  a  second  reel  on  the  catamaran.  The  meter  was  lowered  or  raised  by  the  simul- 
taneous  thongh  unequal  turns  of  the  two  reels.  The  relative  rates  at  which  the 
two  reels  should  be  turned,  to  send  the  meter  down  vertically,  had  to  be  acquired  ten- 
tatively, rather  than  from  computed  tables,  for  this  relation  varied  with  the  distance 
"between  the  launch  and  the  catamaran,  and  also  with  the  velocity  of  the  current. 
7he  dexterity  of  the  men  at  the  reels  increased  with  experience,  the  man  at  the  guy- 
Teel  having  nothing  to  guide  him  but  the  tension  on  his  cord.  With  the  greatest  pre> 
«ision  the  meter  could  not  be  sent  down  on  a  vertical  in  high  stages  of  the  river,  as 
"waa  shown  by  the  difference  between  the  down  and  up  integrations.  However,  by 
taking  the  mean  of  these,  tiiere  was  practically  no  error  resulting  frt>m  the  above 
ffact. 

The  following  programme  was  carried  out  in  measuring  discharges  with  the  meter : 

The  launch,  with  the' catamaran  tied  close  astern,  was  run  some  distance  above  the 
-discharge  section,  the  distance  out  being  obtained  approximately  by  means  of  signala 
on  shore.    The  desired  position  having  been  reached,  the  anonor  was  cast  and  the 
float  allowed  to  drift  toward  the  discharge  section.    When  sufficiently  near  it,  the 
tKMt  was  checked  by  fastening  the  anchor  rope  around  a  kevel,  and,  if  necessary, 
;8tarting  the  engine.    The  cat^aran  was  now  let  down  to  the  discharge  section,  by 
means  of  the  connecting  ropes  already  described.    The  sounding  was  taken  wnile 
•drifting  into  position,  the  lead  being  cast  in  time  for  the  line  to  become  vertical  be^ 
fore  the  discharge  section  was  reached.    The  observer  recorded  the  sounding,  and 
measured  the  distance  fh>m  shore  by  means  of  the  telemeter.    He  also  estimated,  by 
guess,  the  direction  and  force  of  the  wind.    The  depth  being  known,  the  number  of 
turns  of  the  main  lowering  reel  required  to  let  the  meter  to  tne  bottom  could  be  esti- 
mated approximately.    This  number  was  called  out  by  the  observer,  and  the  men  at 
the  reels  prepared  for  integrating,  by  lowering  the  meter  until  the  buckets  were 
lutfely  covered  with  water.    At  the  signal  'Hime"  from  tlxe  observer,  the  meter  was 
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sturted  down  at  a  aniform  rate,  not  exceeding  one-half  foot  per  second,  the  man  at 
the  main  reel  connting  the  tnms.  At  the  instant  of  giving  signal  the  observer  noted 
the  watch  time,  and  started  the  electrical  register,  by  turning  on  the  switch. 

When  the  meter  reached  a  point  within  a  few  turns  of  the  bottom,  the  man  at  the^ 
reel  called  oat  *' ready/'  and  upon  feeling  the  weight  touch,  he  called  ''time"  andi 
immediately  reversed  his  leel.  When  the  time  signal  was  called,  the  observer  noted. 
the  watch  time,  and  read  the  register  without  stopping  it. 

To  obtain  both  the  time  and  the  register  reading  correctly  required  some  skill,  espe- 
eially  daring  hi^h  water.  It  can  be  done  by  the  observer  keeping  in  mind  the  read- 
ing of  the  last  dial  only,  firom  the  sound  of  the  register,  counting  the  ticks,  one,  half^ 
two,  half,  dec. 

Wnen  time  is  called,  the  seconds  of  the  watch  time,  and  the  reading  of  the  last  dial 
of  the  register,  can  be  jotted  down  hastily,  while  the  hour  and  minutes  of  the  timfr 
and  the  readings  of  the  remaining  dials  of  the  register  can  be  obtained  at  leisure. 
With  a  little  practice  the  nearest  second  of  tipe  and  the  nearest  half  revolution  or 
the  meter  wheel  can  be  accurately  obtained  by  the  same  observer.  The  meter  wa» 
returned  to  the  surface  at  the  same  rate  as  that  of  the  descent,  the  man  at  the  ree£ 
ciJling  ''tune"  when  the  starting  point  was  reached.  The  observer  again  read  the> 
watch  and  stopped  the  register,  recording  the  readings  of  both. 

if  the  results  of  integration  were  satisfactory,  the  meter  was  now  lowered  for  mid- 
d^th  obserrations.  'Hiis  was  done  by  giving  the  main  reel  one-half  the  number  of 
tarns  required  to  send  the  meter  to  the  bottom.  The  meter  was  ran  at  mid-depth  for 
at  least  nve  minutes,  the  register  being  read  at  the  end  of  each  minute,  when  it 
was  poosible  to  hold  the  boats  in  one  position  the  meter  was  run  a  whole  number  of 
minutes  at  mid-depth;  otherwise  it  was  run  as  described  in  the  method  without 
anchoring. 

Great  care  was  exercised  by  the  engineer  and  steersman  to  hold  the  boats  in  on» 

eMition  daring  the  observation,  using  the  engine  when  necessary  to  assist  the  anchor^ 
ven  when  not  needed  the  engine  was  kept  moving  slowly,  except  in  extreme  low 
water,  in  order  to  prevent  the  wheel  of  the  launch  mm  retarding  the  current  near 
the  surface.  In  extreme  low  water  the  engine  could  not  be  run  without  changing: 
the  iK>Bition  of  the  boat. 

The  current  meter, — (2.)  Without  anchoring. — Only  mid-depth  observations  wcve» 
taken  in  this  way,  and  at  times  when  anchoring  was  not  practicable.  The  metbodl 
diflers  bat  slightly  from  that  given  above.  After  drifting  into  position,  the  sounding: 
having  been  taken,  the  launch  was  held  as  nearly  in  one  position  as  was  possible  by 
the  careful  watchfulness  of  the  steersman  and  engineer.  The  meter  being  lowered  to 
midnlepth,  as  estimated  from  the  sounding,  tbe  catamaran  was  brought  to  the  gaug-> 
ing  section,  when  the  time  was  noted  and  the  register  started.  The  engineer,  stand- 
ing with  his  hand  on  the  throttle- valve,  was  able  to  keep  the  boat  almost  on  the  same* 
range  during  the  observation.  If,  however,  at  the  end  of  live  minbtes,  the  catamaraik 
should  be  a  little  above  or  below  the  gauging  section  it  was  brought  into  position,, 
when  the  time  was  again  noted  and  the  register  stopped.  The  readings  of  the  latter 
were  taken  and  recorded  at  the  end  of  each  minute,  and  also  at  the  close  of  the  ob- 
servation. 

The  fact  of  starting  and  stopping  the  meter  register  on  the  same  range  practicalljr 
destroyed  the  effects  of  any  movement  up  and  down  stream  daring  the  observation.. 
The  erroradue  to  lateral  movement  are  not  so  easily  compensated,  as  the  rate  of  th& 
meter  is  accelerated  by  a  movement  in  either  direction.  Such  errors  were  compara- 
tively small^  however,  except  in  cases  of  very  high  wind,  when  the  boat  was  liable  U> 
shift  its  iKwition  to  a  considerable  extent  in  a  lateral  direction. 

A  set  of  discharge  observations  with  the  meter,  consisted  of  velocities  at  mid-depth 
and  by  integration,  when  anchored,  and  at  mid-depth  when  not  anchored,  at  from  1^ 
to  15  fltalioDS  across  the  river  on  the  gauging  section.  A  sounding  was  taken  at  each 
station;  aa  the  bottom  was  very  even,  tus  was  thought  sufficient  to  give  a  correct 
area  of  the  section. 

METERS  AND  MBTER-RATINO. 

The  Ellis  meter  was  employed  exclusively.  Daring  the  year  Nos.  3,  6,  and  23  were* 
used  at  difierent  periods.  At  times  the  meter  in  use  was  not  in  the  best  of  order,, 
owing  to  the  exceeding  delicacy  of  the  instrument  and  the  want  of  a  person  capable 
of  rcnpairiDg  it.  The  errors  that  might  arise  from  this  source  were  reduced  as  much  a» 
poflubie  by  frecjuent  ratings.  The  same  meter  was  seldom  used  longer  than  two  weeks. 
witboat  reeeiving  a  thorough  rating,  and  when  thought  advisable  it  was  sent  to  Saint 
Loiiia  for  repairs.  With  the  greatest  precaution  it  was  impossible  to  keep  the  meter 
in  perfect  order  at  all  times,  and  consequently  the  friotional  quantity  will  be  fonndl 
ralaer  large  in  some  of  tbe  eonatione. 

Method  o/raiHuf  the  meter. —^The  rating  was  made  in  the  still  water  of  a  pood  about 
4  feet  deep.    The  meter  was  attached  to  an  iron  rod  secured  in  a  vertical  position  at 
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tthe  bow  of  a  skiff,  and  immersed  to  a  depth  of  about  2|  feet.  The  skiff,  with  the 
meter  thus  attached,  was  drawn  throufi^h  the  water  at  a  uniform  velocity  by  a  man 
inralkiug  or  running  with  even  steps,  holding  a  rope  attached  to  the  bow.  The  time 
and  revolutions  ot  the  wheel  were  taken  over  a  distance  of  150  feet  in  most  of  the 
ratings.  A  complete  rating  consisted  of  from  twelve  to  twenty  such  observations,  the 
rate  of  the  skiff  varying  from  three-quarters  of  a  foot  to  10  feet  per  second. 

The  method  of  timing  in  rating  was  as  follows:  When  practicable,  two  ranges  were 
laid  off  at  right  angles  to  the  path  of  the  skiff  and  the  proper  distance  apart.  On 
>each  of  these  an  observer  was  stationed,  who  called  ''  time"  wnen  the  meter  rod  passed 
Jbis  range.  The  register  and  watch  readings  were  taken  by  the  observer  in  the  skiff 
in  accordance  with  these  signals.  In  many  of  the  ratings  this  method  was  not  i>rao- 
iicable,  owing  to  the  irregular  shape  of  the  pond.  In  this  case  the  signals  were  given 
on  two  tags  placed  on  the  rope  used  for  drawing  the  skiff,  ''time''  being  called  as  they 
pAssed  a  certain  point. 

This  method  was  probably  as  accurate  as  the  former,  as  great  care  was  taken  to 
liave  the  rope  stretcned  when  the  signals  were  given. 

The  equations  were  derived  from  the  resulto  of  rating  by  the  method  of  least 
squares  as  furnished  from  the  office. 

rertical  velocity  ourve$,  —  The  observations  for  the  vertical  velocity  curves  were 
4ilways  taken  at  some  one  of  the  discharge  stations,  and  in  conneotion  with  that  work. 
After  completing  the  mid  depth  observations  at  a  station,  when  it  was  desired  to 
take  a  vertical  curve,  the  meter  was  immersed  about  6  inches,  and  an  observation  of 
one  minute  made.  It  was  then  lowered  successively  a  distance  corresponding  to  some 
whole  number  of  turns  of  the  main  lowering  reel,  and  one  minute's  observation  made 
At  each  point.  This  was  kept  up  until  a  point  was  reached  as  near  the  bottom  as 
It  was  practicable  to  run  the  meter.  The  points  in  the  curves  were  usually  taken 
from  3  to  5  feet  apart.  The  distance  was  obtained  in  feet  by  taking  suob  a  part  of 
the  sounding,  as  the  number  of  turns  between  points  was  of  the  whole  number  of 
turns  from  tne  surface  to  the  bottom.  These  observations  were  made  at  different 
^ischarjge  stations  from  day  to  day,  and  as  these  varied  in  position,  there  is  a  com- 
plete distribution  of  the  curves  across  the  river,  including  all  depths  and  velocities. 

Transverse  velodiy  curves, — The  transverse  velocity  observations  were  made  on  a  range 
located  in  the  first  bend  above  Columbus.  The  range  was  above  the  large  eddy  on 
the  Kentucky  shore,  but  entered  slackwater  on  that  side,  at  high  stages  or  the  river. 
The  observations  were  made  with  the  meter,  run  in  front  of  the  launch,  not  at 
Anchor,  but  held  in  position  with  steam.    The  method  was  as  follows: 

The  meter,  being  clamped  to  its  rod  and  weight  as  previously  described,  was  sua- 
p«nded  by  a  wire  tnat  passed  over  a  pulley  in  the  end  of  a  beam  that  projected  abont 
i  feet  in  front  of  the  bow  of  the  launch.  The  wire  passed  thence  around  a  reel  on 
the  launch,  by  means  of  which  the  meter  was  raised  and  lowered.  The  launch,  with 
the  meter  thus  arranged,  was  steamed  above  the  range  some  distance,  when  the 
ongtne  was  checked  and  the  meter  lowered  to  a  position  about  6  feet  below  the  sur- 
face. The  launch  was  now  allowed  to  drop  slowly  to  line.  When  the  flagman,  who 
was  stationed  in  the  bow,  reached  the  range,  he  called  **  time."  The  register  waa 
then  started  and  the  watch  time  noted;  at  the  same  time  the  Bj>eed  of  the  engine 
was  increased  sufficiently  to  hold  the  boat  on  range.  After  a  run  of  about  three 
minutes,  during  which  time  the  boat  was  held  as  nearly  in  one  position  as  practicable 
without  anchoring,  the  flagman  was  again  brought  to  range.  He  called  ''time,"  and 
the  register  was  stopped,  and  its  reading,  with  tnat  of  the  watch,  taken  and  recorded. 
The  position  of  the  launch  was  located  i>y  a  transitman  on  shore,  who  took  his  angles 
on  the  flagman  at  the  drop  of  the  flag.  His  instrument  was  stationed  at  the  ena  of 
41 540 -foot  base,  laid  off  at  right  angles  to  the  range.  After  and  including  September 
11th  the  angles  were  taken  with  a  goniometer. 

A  set  of  transverse  velocity  observations  consisted  of  velocities  obtained  as  above 
At  fh>m  30  to  35  points  distributed  at  equal  intervals  across  the  river.  Soundinga 
were  also  taken  at  each  station,  as  the  launch  drifted  across  the  range,  and  the  ^hore 
lines  were  located  in  each  set  of  observations. 

Longitudinal  soundings, — The  longitudinal  soundings  were  made  over  a  reach  of  60O 
feet,  extending  250  feet  above  and  below  the  gauging  section.  A  set  of  observatioins 
consisted  of  from  12  to  15  lines  of  soundings,  ma3e  nom  a  floating  skiff  in  the  fol- 
lowing manner: 

The  skiff  having  been  set  adrift  some  distance  above  the  upper  range  of  the  reaoh^ 
the  leadsman  took  his  position  in  the  bow,  and  cast  his  lead  in  time  for  the  line  te 
lieconie  vertical  before  reaching  the  range.  As  soon  as  "  time  '^  was  called  by  the  flag* 
man,  he  commenced  sounding  at  as  short  intervals  as  was  desired,  raising  and  lower- 
ing his  lead  as  much  as  was  required  by  the  irregular  contour  of  the  betl  of  the  riv<ir. 
Whenever  in  his  Judgment  the  skiff  was  drifting  too  fast  or  too  slow  for  the  lead-Une 
to  maintain  its  vertical  position,  he  called  out  to  the  boatman  to  ''hold  up''  or  "  back/* 
oaying  "all  right"  when  the  boat  w^as  brought  to  the  proper  position.  The  sound- 
ings were  recorded  by  an  observer  in  the  stern  of  the  skiff,  who  also  noted  the  time 
of  crossing  the  ranges. 
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The  dkiif  was  located  by  a  tranaitman  on  shore,  at  4  points  in  its  path :  on  the  upper 
and  lower  ranges,  and  on  two  ranges  200  and  300  feet  respectively  ft'om  the  np^r 
range.  By  means  of  back  and  front  signals  on  each  of  the  ranflres,  the  flagman  sig- 
naled to  the  observer  at  the  transit  when  the  skiff  was  on  line.  The  angle  was  taken 
on  the  flagman,  who  sat  near  the  leadsman.  From  50  to  150  soundings  were  taken 
on  each  line  of  500  feet ;  sometimes  the  number  was  even  greater  in  very  low  water. 
Prwions  to  receiving  the  transit,  March  1,  the  boat  was  located  in  only  one  point  of 
its  path,  midway  between  the  second  and  third  ranges,  by  means  of  the  telemeter. 
After  and  including  September  8  the  angles  were  taken  with  a  goniometer,  from  the 
station  previously  occupied  by  the  transit. 

Crots-aecHon  soundings, — Frequent  soundings  were  made  of  a  section,  located  in 
Beckwith's  Bend,  12  miles  below  Columbus,  for  the  purpose  of  determining  the 
amoant  pf  scour  or  fill  in  sharp  bends,  corresponding  to  certain  changes  in  the  gauge. 
The  soundings  were  all  taken  while  drifting,  either  from  the  launch  or  a  skiff.  From 
60  to  75  soundings  were  made  at  a  time,  distributed  at  equal  intervals  across  the  river. 
They  were  located  by  a  transitman  on  shore,  stationed  at  the  end  of  a  600-foot  base. 
The  angles  were  taken  on  a  flagman,  stationed  near  the  leadsman.  There  was  also  a 
flagman  on  shore  to  give  range.  After  the  transit  was  taken  away  in  August,  the 
goDiometer  was  usedpfor  taking  the  angles.  It  was  stationed  on  a  new  base  line  of 
1,020  feet  in  length.  In  order  to  ascertain  the  character  of  the  fill,  specimens  of  the 
bottom  were  taken  at  each  sounding  by  means  of  a  soaped  lead. 

IN8TRUMSMT8  CON8T|IUCTED. 

Teiemeter, — Previous  to  March  1  no  transit,  sextant,  or  level  had  been  furnished 
the  party.  It  was  therefore  necessary  to  contrive  some  means  by  which  observation 
stations  could  be  located.  This  necessity  gave  rise  to  the  construction  and  use  of 
what  has  been  denominated  the  telemeter.  It  consisted  of  a  wooden  box,  having 
two  of  its  faces  parallel  trapezoids,  two  of  them  inclined  rectangles,  the  remaining 
two,  the  ends,  being  parall^  rectangles.  The  inside  dimensions  were  about  as  fol- 
lows: lengthy  2  feet;  cross-section  at  the  smaller  end,  2  by  3  inches;  cross-section  at 
the  larger  end,  2  by  10  inches.  At  the  smaller  end  of  the  box  was  an  eye-piece,  which 
consisted  of  a  cylindrical  block  of  wood  with  a  small  aperture  or  peep-hole. 

In  the  larger  end  was  a  longitudinal  opening  the  full  width  of  the  box  and  about 
f  inch  in  width.  It  occupied  the  middle  line  of  the  end  of  the  box,  and  through  it 
distant  objects  could  be  seen  by  looking  through  the  eye-piece.  Inside  the  box  was 
a  sliding  reticule  that  contained  a  pair  of  fine  parallel  wires.  It  was  arranged  to 
■lide  along  the  central  line  of  the  inclosed  space  and  from  one  end  to  the  other.  On 
top  of  the  reticule  was  an  upright  post  that  moved  in  an  opening  in  the  upper  face  of 
the  box,  and  terminated  in  a  rectangular  block  of  wood  that  moved  along  on  top  of 
the  box.  This  was  used  as  a  vernier  piece.  The  top  of  the  box  was  graduated  so 
that  by  means  of  the  vernier  the  instrument  could  be  read  to  single  feet.  The  grad- 
aation  was  made  in  the  following  manner :  Two  signals  were  erected  at  a  distance  of 
50  feet  apart.  The  distance  was  arbitrarily  chosen  as  the  most  convenient.  From 
the  midcue  point  of  the  line  Joining  the  signals  a  perpendicular  was  laid  off.  On  this 
two  points  were  located,  one  400  feet  and  the  other  1,200  feet  distant.  At  each  of 
the  points  there  was  made  a  series  of  observations  to  determine  the  exact  location  of 
the  400  and  1,200  foot  marks  of  the  graduation  on  top  of  the  box.  In  each  of  these 
obaervatiofia  the  box  was  held  so  that  the  signals  could  be  seen  when  looking  through 
tlie  peep-hole  with  the  eye  oonveniently  near  it.  The  reticule  was  then  moved,  if 
naccasary,  by  taking  hold  of  the  vernier  piece  on  top,  an  til  the  wires  were  brougiit, 
mpeetively,  in  line  with  the  signals.  The  position  of  the  sero  of  the  vernier  was 
then  marked  oo  the  box. 

The  mean  of  all  the  observations  made  in  this  wav  was  taken  as  the  mark  of  grad- 
uation sought.  Having  found  the  400  and  the  1,200-foot  marks,  the  remaining  nan- 
dred-foot  marks  were  obtained  by  dividing  the  space  into  8  equal  parts.  Each  of  these 
spaces  was  subdivided  into  10  equal  parts  for  the  10-foot  marks. 

The  graduation  for  distances  less  than  400  feet,  and  greater  than  1,200  feet,  was 
made  by  actual  measurement  with  a  scale,  the  spaces  being  proportional  to  the  dis- 
taneca.  In  order  to  nse  the  telemeter  in  measuring  distances  on  the  river,  signals 
were  put  up  on  both  shores,  at  a  distance  of  50  feet  apart.  Back  signals  were  erected 
so  that  the  observer  could  tell  when  he  was  midway  between  the  ranges,  that  being 
necessary  to  perfect  accuracy.  A  slight  deviation  either  way  made  no  appreciable 
error  in  long  distances.  To  measure  a  distance,  the  observer  brought  the  box  to  a 
horizontal  position,  the  wires  then  being  verticaL  Placing  his  eye  at  the  peep-hole, 
he  swung  the  box,  if  necessary,  until  the  signals  came  into  the  field  of  view.  He 
then  moved  the  slidine  vpmier  on  top  of  the  box,  until  the  wires  were  brought  in 
line  respectively  with  the  signals.  Being  careful  not  to  move  the  vernier,  he  lowered 
the  box  sufficiently  to  read  the  distance.  The  instrument  was  not  capable  of  meusur- 
ing  distances  greater  than  about  1,600  feet  with  accuracy.  For  this  reason,  signals 
were  placed  on  both  shores  and  measurements  made  each  way.  The  accuracy  with 
which  distances  eonld  be  measured  with  the  telemeter,  depended  upon  the  stability 
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of  the  observer's  position,  and  the  consequent  nicety  with  which  the  wires  could  be 
brought  into  line  with  the  signals.  In  windy  weather  this  was  somewhat  difficult, 
but  p^eat  skill  was  acquired  by  practice,  and  a  very  close  approximation  could  be 
obtained  at  all  times.  Much  greater  accuracy  could  be  obtained  on  land,  when  a  stable 
rest  could  be  had,  and  it  was  possible  to  measure  distances  accurately  to  within  3  feet. 

Goniometer.^ThiB  was  a  plane  table  with  a  revolving  alidade,  and  was  arranged  for 
centering  by  means  of  a  plumb-bob  attached  beneath  the  point  of  revolution.  This 
point  was  taken  as  the  center  of  an  arc  described  on  the  table  with  a  radius  of  25 
inches.  Angles  were  taken  with  the  goniometer  by  measuring  the  chords  of  the  in- 
cluded arcs.  The  angle  corresponding  to  a  measured  chord  was  taken  from  Gillespie's 
tables.  Any  point  in  the  arc  could  be  taken  for  the  zero  point,  and  the  chords  meas- 
ured firom  it.  lliis  was  a  matter  of  great  convenience  in  setting  up  the  instrument. 
To  measure  an  angle  on  a  moving  object,  the  eye  was  brought  to  the  peep-sight  and 
ibe  alidade  revolved  so  as  to  keep  the  vertical  wire  in  line  with  the  object.  When 
the  signal  was  given,  the  motion  was  stopped,  and  the  intersection  of  t)ie  Ime  of  sight 
with  the  arc  marked  with  a  well  sharpened  pencil.  The  chord  was  then  measured 
with  a  triangular  scale.  If  the  chord  was  too  long  for  the  scale,  the  included  arc  was 
divided  into  two  or  more  parts^  and  the  sum  of  the  corresponding  ancles  taken.  This 
prevented  the  use  of  a  ruler  being  necessary.  Under  fiivorable  conditions  a  tolerably 
close  degree  of  approximation  could  be  attained  with  the  goniometer. 

Bemarli, — On  the  11th  of  October  instructions  were  received  to  turn  over  to  my 
recorder,  J.  H.  Field,  all  instructions  and  engineering  property,  and  report  at  Saint 
liOuis  at  the  earliest  convenience  for  other  dnt&s.  The  remainder  of  the  observations, 
which  were  continued  till  November  25th,  were  in  charge  of  Mr.  Field,  who  for  some 
time  previous  had  conducted  the  field-work  of  the  discharge  observations. 

After  the  meter  came  into  constant  use  in  March  the  field-work  did  not  require  the 
full  attention  of  both  assistant  and  recorder.  After  that  date  a  large  part  of  the 
assistant's  time  was  occupied  in  computing  discharges  and  doing  other  office  work. 
At  the  time  of  leaving  the  work  the  ciischarp^es  had  been  computed  up  to  date,  with 
the  exception  of  about  8  weeks.  The  remainder  of  the  computations  were  made  in 
the  office  under  your  immediate  supervision.  At  the  time  of  leaving  the  work  none 
of  the  notes  in  connection  with  velocity  curves  and  cross-section  and  longitudinal 
soundings  had  been  reduced,  excepting  one  set  of  longitudinal  soundings,  which  had 
been  plotted  and  a  tracing  made. 

The  success  of  the  work  depended  largely  upon  the  ability  to  make  the  best  use  of 
the  means  at  hand  for  accomplishing  a  particular  purpose.  The  more  inadequate  the 
means,  the  greater  the  dexterity  of  judgment  required. 

The  most  perplexing  problems  often  presented  themselves,  inasmuch  as  the  magni- 
tude of  the  work  was  probably  underestimated  in  the  outset.  The  greatest  exert.ion 
was  made  to  obtain  the  best  results  possible  with  the  methods  employed.  Much  de- 
pended upon  the  individual  members  of  the  party,  wbo,  with  few  exceptions,  were 
always  prompt  and  true  to  duty.  They  were  J.  H.  Field,  recorder ;  H.  A.  Wilson, 
steersman ;  W.  J.  Wilder,  engineer ;  John  Y.  Bandy,  A.  J.  Wilder,  and  John  Q.  Hamil- 
ton, boatmen. 

Respectfully  submitted. 

J.  H.  DAVIS, 

As9i8tant  JBngineer, 

First  Lieut.  Smith  S.  Lbach, 

Secretary  Mieeiaeippi  Biver  CommUtUm. 

Discharge  OheervaUone,  Columhue,  Ky, 

The  discharge  computations  for  this  station  were  made  in  the  field,  and  bv  ,the  fol- 
lowing method,  viz :  The  cross-sections  and  positions  of  velocity  observations  were 
plotted  on  cross-section  paper,  the  cross  sections  divided  into  parti^  sections  and  their 
arei^  determined  by  counting  the  squares. 

The  meter  velocities  were  determined  by  ratings  firequently  taken. 

Bod  float  velodtiee  were  xeduced  by  Francis'  formula.  Many  of  the  abrupt  changes 
in  area  are  probably  due  to  change  in  method  of  taking  observations;  a  change  in 
method  usually  resulting  in  a  marked  change  in  the  number  and  position  of  the  croas- 
section  soundings,  and  often  in  the  values  of  the  soundings  themselves.  The  largeat 
number  of  soundings  were  taken  in  rod-float  observations. 

The  gauge  readings  on  <* discharge  days"  are  mean  readings  for  the  time  occupied  in 
taking  oMervations.  On  "no  discharge  days"  the  noon  reading  is  recorded;  noon 
being  about  the  mean  time  of  field  observations. 

Daium  plane  was  taken  at  a  gauge  reading  of  102.627  feet. 

DcJhm  width.  2,694  fbet. 

Datum  area  191,^0  square  feet,  as  observed  on  February  28. 

Datum  areas  for  other  days  were  determined  by  successively  adding  and  subtracting 
•oonn  and  fills. 

Mean  d^gpih  was  determined  by  dividing  water  area  by  water  widths  and  datum  depth 
liy  a  similar  process. 
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Office  Mississippi  Rivkr  Commission, 

Saint  Louis,  Mo.,  July  16,  1883. 

Sib:  In  accordance  with  your  letter  of  April  iJ6  inclosins;  a  copy  of  a  letter  from  the 
president  of  the  River  Commission,  I  have  the  honor  to  submit  the  following  report  as 
an  appendix  to  my  report  on  the  Columbus  observations: 

The  information  requested  was  an  opinion  as  to  the  relative  accuracy,  reliabililty, 
and  economy  of  the  methods  of  gauging  by  double  floats,  by  a  vertical  rod,  and  by  a 
met-er,  with  suggestions  as  to  improvements  in  the  methods  used. 

Relative  accuracy. — This  pait  of  the  subject  will  be  considered  by  first  pointing  out 
some  of  the  sources  of  inaccuracy  in  the  different  methods,  and  then  drawing  some 
conclusions  as  to  the  adaptability  of  each  to  certain  conditions. 

I.  Method  by  double  floats.  There  are  two  probable  sources  of  error  in  this  method : 
first,  the  necessity  of  assuming  the  mean  velocity  in  a  vertical  plane  at  some  fixed 
depth,  corrected,  perhaps,  by  some  given  formula;  and,  second,  the  possible  inability 
to  measure  the  velocity  correctly  at  the  assumed  depth. 

(1)  By  an  examination  of  observations  made  on  velocities  in  a  vertical  plane,  it  is 
found  that  there  is  no  fixed  relation  between  the  velocities  at  difl'erent  depths.  This 
is  especially  the  case  in  silt-beaiing  streams,  such  as  the  Lower  Mississippi,  where  the 
conditions  are  so  numerous  and  unstable.  Any  method  of  determining  a  mean  velocity 
in  a  vertical  plane  must  therefore  provide  for  measuring  it  in  a  great  number  of  points 
in  that  plane,  if  perfect  accuracy  be  desired.  The  double-lloat  method,  which  provides 
for  measuring  the  velocity  in  but  one  point  in  the  vertical,  can  lay  little  claim  to 
accuracy,  when  viewed  from  a  theoretical  standpoint.  It  is  believed  that  the  results, 
if  closely  examined,  will  also  fall  behind  when  viewed  from  a  practical  .standpoint. 
The  experiments  made  ^with  the  meter,  in  determining  vertical  curves,  will,  when 
reduced,  furnish  additional  information  on  this  subject.  It  is  believed  that  they  will 
show  material  variations  from  day  todsiy  in  the  relative  velocities  in  a  vertical  plane, 
especially  where  bottom  changes  are  going  on.  If  so,  no  method  can  be  relied  on  for 
perfect  accuracy  that  takes  into  account  only  a  small  part  of  the  vertical  section. 

(2)  There  is  also  some  doubt  as  to  the  accuracy  with  which  a  velocity  at  any  par- 
ticular depth  can  be  measured  by  the  doub1e>float  method.  During  the  observations 
made  at  Fulton.  Tenn.,  by  Assistant  W,  H.  Powless,  it  was  my  duty  for  several  months 
to  give  personal  attention  to  the  manipulation  of  the  floats.  It  gave  an  excellent 
opportunity  for  observing  their  movements  in  water.  I  was  led  to  believe  that  at 
times  the  surface  and  subt-nrface  parts  were  acted  upon  by  almost  opposite  forces. 
At  times  the  surface  float  would  be  suddenly  drawn  to  right  or  loft,  in  which  case  it 
would  be  considerably  inclined  and  partially  immersed.  Sometimes  it  would  incline 
backward  or  forward.  In  each  of  these  causes  the  surface  float  had  a  powerful  influ- 
ence in  retarding  or  accelerating  the  snb-float,  the  velocity  of  the  former  not  repre- 
senting the  correct  velocity  of  the  water  in  the  vicinity  of  the  latter.  The  above 
indications  were  frequently  noticeable  in  high  water.  Sometimes  also  in  high  water 
the  subfloat  was  a])})arently  held  up,  the  assumed  immersion  not  being  reached. 
This  \Ca8  shown  by  the  fact  that  .several  feet  of  wire  were  sometimes  taken  in  before 
there  was  any  appreciable  weight  of  the  subfloat.  By  an  examination  of  the  vertical 
velocity  observations  at  Fulton,  Tenn.,  it  will  be  fouud  that  iu  the  sets  in  which  two 
or  more  tloats  were  run  at  the  same  depth  the  velocities  differ  from  1  to  15  per  cent. 

In  these  observations  the  boat  was  anchored,  and  the  flouts  all  started  from  the 
same  point,  their  paths  varying  but  slightlj'  acr(»s8  the  ranges.  The  Fulton  observa- 
tions have  been  selected^  inasmuch  as  they  are  probably  the  best  that  have  been  made 
with  double  floats  on  the  Mississippi  River 

II.  Method  by  rod-floats.  Within  certain  limits  of  depth  the  vertical  rod  is  well 
adapted  to  measuring  the  mean  velocity  accurately,  being  act-ed  upon  by  the  whole 
body  of  water  in  a  vertical  plane.  Where  the  float  can  be  run  of  sufficient  length  to 
nearly  touch  bottom,  there  is  but  a  small  source  of  error  due  to  the  corrections  t«  bo- 
made.  Where  due  care  is  taken  iu  the  manipulation,  allowing  full  time  for  the  floats 
to  acquire  a  unitbrm  movement  and  erect  position  before  entering  upon  its  measurtxl 
path,  little  variation  should  be  expected  from  a  series  of  observations  in  the  s^imo 
plane.  A  venr  small  per  cent,  of  variation  was  found  in  the  observations  made.  with, 
the  plant  at  Grafton,  III.,  where  six  rods  of  the  same  length  were  run  from  each  sta- 
tion. As  to  the  two  methods  of  locating  in strumeu tally,  and  obtaining  the  length  of 
path  by  the  plant,  used  on  the  Upper  Mississippi,  the  latter  is  preferable  where  1  he 
depth  does  not  exceed  about  25  feet;  beyond  that  depth  there  is  difficulty  iu  putting 
out  the  float  so  as  to  acquire  its  equilibrium  before  entering  upon  the  measured  path. 
A  rod-float  of  more  than  35  or  40  feet  in  length  can  not  be  handled  succeestully. 
Hence  for  river  depths  greater  than  about  40  feet,  the  method  loses  in  accuracy. 
The  same  objection  then  comes  iu  that  has  been  presented  in  connection  with  double 
floats,  viz.,  that  only  a  part  of  rhe  vertical  velocity  section  is  measured. 

III.  Method  by  the  current  meter.  There  is  a  good  deal  of  room  for  improvomont 
in  the  current  meter  for  efl'ective  work  on  the  l^)wer  Mississippi.  Some  improvement 
has  no  doubt  been  made  rec«ntly  in  this  direction.     My  experience  is  confined  to  the 
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Ellis  meter.  The  chief  objection  to  the  method  as  used  by  me  rests  with  the  instru- 
ment itself.  The  objection  presented  to  the  rod-float  and  the  double-float  methods 
does  not  find  a  place  in  the  method  with  the  meter.  It  is  pos&ible  to  obtain  results 
at  all  deptbs  in  a  vertical  plane  within  reasonable  limits.  The  only  question  that 
remains  is  the  accuracy  with  which  a  velocity  con  be  measured  at  any  particular 
depth.  Under  certain  conditions  great  accuracy  may  be  attained  with  the  Ellis  meter. 
In  a  clear  stream,  of  not  too  great  velocity  or  depth,  the  meter,  having  been  carefully 
adjusted  and  rated,  will  do  accurate  work,  and  will  continue  to  so  long  as  the  fric- 
tion remains  constant.  It  is  easily  handled,  with  suitable  plant,  and  can  be  relied 
on.  Bat  in  such  a  stream  as  the  Mississippi,  at  high  water,  with  its  great  depth  and 
velocity,  its  silt  and  floating  material,  the  instrument  is  entirely  uuBuited  to  the  work. 
That  a  constant  friction  cannot  be  maintained  under  such  conditions  can  hardly  admit 
of  a  donbt  to  any  one  who  has  had  an  extended  experience.  There  is  nothing  to  pre- 
vent the  journal-box  from  catching  fine  particles  of  sand,  that  not  only  increase  tlie 
friction  at  the  time,  but  produce  a  constant  wearing  eflect  that  results  in  a  perma- 
nent increase  of  friction.  The  mercury  contact,  as  used  at  Columbus,  is  another 
source  of  variable  friction,  on  account  of  certain  parts  of  it  that  catch  the#ediment,  a 
slight  binding  eftect  being  the  result.  This  change  of  friction  can  be  detected  by 
holding  the  instrument  in  the  wind  at  frequent  inten^als  during  a  set  of  observations. 
The  velocity  of  wind  required  to  turn  the  wheej  will  be  found  to  vaiy  materially.  A 
thorough  cleansing  will  often  remove  the  difliculty  temporarily.  These  (lilfereuces  of 
friction  are  not  to  be  found  in  the  equations,  as  the  meter  was  always  rated  in  clear 
water.  The  Ellis  meter  is  very  delicate,  and  is  subject  to  be  entirely  destroyed  l>v 
floating  logs.  From  my  experience  I  think  it  possible  to  construct  a  meter  that  will 
be  free  from  most  of  the  imperfections  mentioned. 

There  is  a  considerable  source  of  error  in  using  any  meter  without  anchoring.  This 
ia  especially  the  case  in  windy  weather,  when  it  is  impossible  to  avoid  lateral  move- 
ment. The  rate  of  the  meter  is  increased  by  a  movement  in  either  direction  ;  hei  ce 
there  is  no  way  of  compensation.  This  error  is  likely  to  be  con^derable  with  a 
strong  wind  and  slow  current.  For  instance,  a  movement  of  a  hundred  feet  would 
not  be  unreasonable,  with  a  brisk  wind,  during  a  five-minute  obser\'ation.  That 
would  correspond  to  about  twenty-five  revolutions  of  the  meter-wheel,  an  average  of 
five  revolutions  per  minute.  If  the  meter  should  make  but  thirty  revolutions  per 
minute,  not  an  unreasonable  supposition,  the  error  would  be  20  per  cent.  Such  errors 
might  he  practically  avoided  by  locating  the  position  of  the  boat  as  frequently  as 
possible,  and  correcting  the  velocities  accordingly.  The  error  from  this  source  dimin- 
ishes as  the  velocity  increases. 

Co»clu9ions. -—Of  the  three  methods,  the  double  float  is  considered  the  least  accurate, 
but  capable  of  producing  fair  results  in  a  stream  of  even  banks  and  bed.  In  a  clear 
stream  of  limited  depth,  the  methods  by  rod-floats  and  meter  are,  perhaps,  equally 
accurate ;  when  sediment  is  contained  in  any  considerable  qnantity,  the  former  of 
these  is  preferable.  At  high-water  -stages  on  the  Lower  Mississippi  none  of  the 
methods  can  be  relied  on  for  perfect  accuracy.  In  extreme  high  water  rod-floats  are 
considered  preferable  to  the  Ellis  meter.  I  \iave  no  doubt  but  that  a  meter  may  be 
so  constructed  and  manipulated  as  to  do  comparatively  accurate  work  at  all  stages 
in  the  Lower  Mississippi. 

RtUabiXity. — ^As  to  the  reliability,  the  method  by  rod-floats  seems  to  have  the  ad- 
vantage, although  that  with  the  meter  may  be  equally  good  within  limits.  From  the 
facts  already  presented,  the  double-float  method  is  considered  very  unreliable  at  high- 
water  stages,  and  reliable  only  in  a  limited  de|free  at  all  stages. 

Economy. — When  an  anchorage,  similar  to  that  employed  on  the  Upper  Mississippi, 
can  be  ased,  the  methods  by  rod-float  and  current-meter  are  equally  expensive,  either 
one  being  less  so  than  that  by  double  floats.  Free  rod-floats  and  double  floats,  located 
ioBtrumeu tally,  are  equally  exi>ensive.  In  high  water,  when  the  use  of  a  launch  is 
necessary,  the  method  by  meter  is  the  cheapest  method  of  all. 

3fo  suggestions  as  to  improvements  will  be  offered. 

Reai>ectfully  submitted.  • 

J.  H.  DAVIS, 

Assistant  Engineer. 

First  Lieut.  Smith  S.  Lkach, 

Secretary  Mississippi  Hirer  Cammission. 


3.— At  HEr.B.NA,  Ark.,  F.  A.  Yeagkr,JAssi8Tant  in  Chargb. 

HoTCHKiss,  Tenn.,  June  12,  1883, 

Sib:  In  replv  to  your  letter  containing  instructions  from  president  of  Cpmmlssion 
concei-ning  n^ports,  &o.,  of  different  methods  of  gauging,  I  have  to  say  that  I  did  not 
work  up  my  notes  at  Helena,  so  know  nothing  of  the  results.  During  the  latter  part 
of  my  stay  there  I  ran  rod-floats  and  the  meter  at  the  same  time. 
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These  observations  show  truly  the  comparative  accuracy  of  the  methods.  In 
running  rods  I  used  the  *'pliuit"  from  stern  of  launch.  This  can  be  done,  without 
loss  of  time,  while  the  meter  observations  are  being  recorded.  The  plant  is  easily 
towed  by  placing  the  buoyed  end  in  a  skiff.  The  lannch  I  had  at  Helena  waa 
admirably  adapted  to  the  use  of  ganging,  and  I  foand  it  perfectly  safe  at  all  times. 
Very  respectfully,  your  ob^ient  servant. 

F.  A.  YEAGER, 

AsBistant  Engineer. 

V\Tst  Lieut.  Smith  S.  Leach, 

Secretary  MisHeeippi  River  Commission. 

Discharge  observations^  Helena,  Ark, 

The  method  of  computing  discharges  at  Helena^  Ark.,  was  as  follows : 

The  cross-sections  were  plotted  on  cross-section  paper,  and  their  areas  found  by 
counting  fi^nares.    Scale,  45  feet  horizontal,  20  feet  vertical,  per  square  or  inch. 

The  positions  of  floats  or  meter  were  plotted  on  the  cross-sections,  and  the  area  divided 
into  partial  areas,  the  dividing  lines  being  placed  so  as  to  g^ve,  as  nearly  as  possible, 
a  nniform  depth  to  each  partial  area,  or  so  that  the  depth  at  the  velocity  positioua 
Hbould  be  about  the  mean  depth  of  the  partial  areas. 

The  maximum  velocity  was  usually  found  at  a  depth  considerably  less  than  the  maxi> 
mum. 

The  velocities  determined  with  rod-floats  were  corrected  and  reduced  by  Francis's  form> 
ula — 


r'  =  r[l-..16(^%i-0.l)] 


In  which  t?'  =  reduced  velocity,  r  =  observed  velocity,  S  =  sounding,  and  I  =  im- 
mersion of  rod. 

The  meter  ratings  were  applied  as  directed  in  the  field-notes. 

The  datum  plane  was  taken  at  the  highest  gauge  reading,  47.10  feet,  on  March  8. 

The  area  qf  March  8  was  taken  as  datum  area,  and  all  others  obtained  by  successively- 
adding  and  bnbtracting  scours  and  Alls. 

Gauge-readings  are  means  of  readings  taken  at  6  a.  m.,  12  m.,  and  6  p.  m. 

Gauge  same  as  used  by  Mnjor  Benyanrd. 

Mean  depth  obtained  by  dividing  water  area  by  water  width. 

Mean  datvm  dept/ra  obtained  by  dividing  datum  areas  by  datum  width  (=  49.10  feet)* 

Maocimum  depth  copied  from  cross-section  soundings  in  note-books. 

The  tpidth,  tor  dates  on  which  no  measurements  were  made,  were  derived  from  a 

curve  obtained  by  plotting  the  measured  widths  to  gauge. 

Mean  velocity  obtaiue<l  by  dividing  discharge  by  water  area. 

##  »«  •  •  • 

Discharges  marked  '^Obs.  incoftipleto''  are  nearly  all  computed  on  cross- sections  of 
an  earlier  or  later  date,  corrected  for  gauge. 

In  some  cases  velocities  were  also  substituted  from  other  dates ;  especially  for  partial 
areas  at  the  ends  of  the  sections  or  "  end  areas." 

The  failure  to  determine  the  width  accurately,  the  lack  of  soundings  near  the  river 
banks  and  on  their  elopes,  and  the  lack  of  velocity  observations  near  the  banks,  are 
sources,  in  some  instances,  of  inaccuracy  in  the  results. 
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4. — ^At  Hays'  Landing,  Miss.,  Homer  P.  Rittkr,  Assistant  in  Charge. 

NoTK. — ^Awiiitant  Ritter  has  a  report  in  course  of  preparation,  but  the  necessity  for 
his  services  in  other  branches  of  work  has  delayed  its  completion.— S.  S.  L. 

Discharge  observations  Hayt?  Landing,  Miss. 


In  filling  oat  the  accompanying  blanks  for  this  station,  the  mean  gauge, 

method 


water 
were 


area,  scour  and  fill,  mean  velocity,  discharge,  direction  of  wind  and 
eopted  from  MS -. ,  Assistant  H.  P.  Ritter. 

C.Jm 

Temperature  of  the  air  is  the  mean  of  three  readings  taken  each  day  at  6  a.  m.,  12 
m.,  and  6  p.  m.    Copied  from  note-book  890. 

Jkitum  was  taken  at  a  gauge  reading  of  3d  feet  and  a  surface  width  of  2,770  feet. 

Vaium  area  for  this  gauge  and  width  was  obtained  from  the  water  area  of  March  15 
by  applying  the  increase  of  area  due  to  the  difierenee  in  gauge  readings.  This  gives 
for  datum  area  169,015  square  feet. 

Datum  area  for  January  2  was  next  obtained  by  adding  to  tiie  water  area  of  this 
date  the  area  obtained  by  multiplying  the  mean  of  datum  surface  width  and  surface 
width  of  January  2,  by  the  difiereuce  between  the  gauge  reading  on  January  2  and 
elevation  of  datum  plane,  i.  e.,  118  feet. 

Datum  area,  as  thas  obtained,  for  January  2=  158781. 

Subsequent  datum  areas  were  obtained  by  tbe  successive  liddition  or  subtraction  of 
the  scours  and  tills. 

Meau  depth  was  obtained  by  dividing  the  water  area  by  the  water  width. 

Mean  datum  depth  was  obtained  by  dividing  the  datnm  area  by  datum  width. 

M€unmum  depth  was  copied  from  field  notes  No.  ti88,  and  is  the  deepest  actual  sound- 
in  e  taken. 

Rise  for  January  2  was  obtained  by  t<akiug  the  difterence  between  the  gauge  read- 
ing on  January  1  at  12  m.  and  the  mean  gauge  for  January  2. 

Bise  or  fall  between  any  other  two  consecutive  days  is  obtained  by  taking  tbe  differ- 
ence of  tne  mean  guage  readings  for  those  days. 

C        M=Meter. 

In  column  headed  *^  method  " <        R=Rod  floats. 

I  D.  F=Double  floats. 

The  manner  of  computing  partial  areas,  the  manner  of  dividing  the  tjection  into- 
partial  areas,  and  of  distributing  velocities,  is  as  follows : 

Commencing  at  the  shore  line,  the  notes  read  thus — 


\r 


Station 

&c. 

The* stations  marked  1,  2,  3.  Sec,  are  meter  stations,  while  at  the  other  stations 
soundings  only  were  taken.  The  first  partial  area  is  from  1  to  2+50,  the  velocity  for 
this  partial  area  being  observed  at  2. 

The  6<*cond  partial  area  is  from  2+50  to  J^+50,  the  velocity  for  this  partial  area  being 
observed  at  3;  and  so  on. 
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The  partial  areas  were  computed  from  the  recorded  soundings. 

Sam  of  partial  area  =  total  area.  Partial  area  multiplied  by  its  velocity  =  partial 
discharge. 

Sum  of  partial  discharges  =  total  discharge.  * 

Total  disc  barge  divided  by  total  area  =  mean  velocity. 

Seouror  fill  ih  the  difierence  between  the  water  area  as  observed,  and  that  as  com- 
pnted  fn>m  tbe  change  of  gauge. 
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5.— At  Rkd  River  Lakdiko  and  Head  of  the  Atchafalata,  John  Eweics, 

Assistant  in  Charge. 

Ofvicb  Mississippi  River  Commission, 

Saint  Louis,  Mo.,  June  16, 1883. 

Sir  :  I  have  the  honor  to  inform  von  that,  in  accordance  with  your  instmction,  I 
left  Saint  Lonis  with  my  party  for  Red  River  Landing,  Louisiana,  on  November  26, 
1881.  I  arrived  at  my  destination  with  party  on  the  rooming  of  December  3,  1881. 
Preparations  were  immediately  made  for  beginning  the  discharge  work.  Everything 
else  was  sacrificed  to  meet  this  end,  as  I  desired  to  obtain  as  large  a  range  of  discharge 
measurements  at  the  different  stages  of  tl|e  river  as  possible.  In  view  of  this  objective, 
the  elaboration  of  details  of  the  other 'work  was  left  until  the  discharge  work  was 
f nlly  inaugurated.  On  day  of  arrival,  an  exhaustive  recounaiseance  was  made  for  the 
purpose  of  selecting  suit  able  discharge  sections.  After  sounding  a  number  of  sections, 
a  section  located  about  200  feet  beiow  the  warehouse  at  Red  Rivi  r  Landing  was  se- 
lected for  gauging  the  Mississippi.  The  section  for  gauging  the  Ai  ohafalaya  is  loca- 
ted at  Merrick,  about  3,000  feet  from  head  of  the  river.  The  sectii  n  in  Old  River  is 
sittiated  about  one  mile  from  its  juncture  with  the  Mississippi.  The  section  on  Red 
River  is  ^situated  about  \^  miles  irom  its  pai^Hage  into  Old  River.  All  of  these  sections 
presented  the  usual  and  requisite  qualifications  of  a  good  discharge  section,  the  fore- 
most among  which  were  high  banks,  aud  freedom  from  eddies  and  other  disturbing 
elements.  The  section  in  a  bend  for  transverse  velocity  curve  work  was  located  in 
''Brunette  Bend,"  21  miles  below  Red  River  Landing  and  3  miles  above  New  Texas.  The 
regular  serial  work  covered  by  mjr  instructions  necessitated  the  ganging  of  the  Mia- 
sissippi  daily  with  but  one  exception,  the  exception  being  the  day  allotted  each  month 
for  work  in  the  bend.  The  Atchafalaya  was  to  be  gauged  not  less  than  once  a 
week,  and  daily  with  the  Mississippi,  if  possible.  The  party  succeeded  in  gauging  both 
rivers  daily  during  the  entire  flood.  When  the  rivers  reached  the  ordinary  stage,  the 
Atchafalaya  was  gauged  weekly,  which  was  thought  to  be  sufficient.  In  connection 
with  the  work  mentioned  above,  the  party  gauged  Red  and  Old  Rivers,  also  Bayou 
des  Glaises.  During  the  flood,  the  Grand  cut-off  and  Bayou  des  Glaises  were  examined. 
The  bend  section  was  worked  monthly.  Instructions  to  perform  bend  work  were  not 
^ven  the  party  until  some  months  after  entering  the  field.  Observations  were  taken 
in  Old  River  as  often  as  necessary  to  determine  the  direction  of  flow  with  reference 
to  the  Mississippi.  The  party  carried  out  completely  and  successfully  not  only  the 
detail  work  given  above,  but  did  a  vast  amount  of  additional  work,  such  as  rating 
meters,  making  experiments  t-o  compare  the  meter  with  other  plans,  d&c.  The 
amount  of  field-work  done  may  be  briefly  summarized  as  follows :  A  total  of  310 
discharges  were  measured,  227  of  which  were  measured  on  the  Mississippi, 
78  on  the  Atchafalaya,  3  on  Old  River,  1  on  Red  River,  and  1  on  Bayou  des  Glaises; 
the  bend  section  was  worked  6  times ;  a  large  number  of  vertical  curves  of  velocity 
were  also  taken.  The  work  of  establishment  having  been  completed,  the  regular  dis- 
charge work  was  begun  on  December  13th,  1881,  and  continued  without  interruption 
from  this  date  until  the  close  of  the  work  in  November,  1882.  The  work  during  the 
great  flood  was  carried  on  under  the  most  adverse  circumstances  imaginable.  The  ob- 
serving stations  had  to  be  built  above  the  water;  the  transit  station  was  built  in  water 
over  ten  feet  deep.  The  platforms  for  the  observers  at  the  lining-in  stations  were  built 
in  trees.  By  workingin  this  manner,  the  party  continued  the  work  without  interruption 
during  the  entire  flood,  thus  securing  a  complete  and  reliable  set  of  discharge  observa- 
tions which  will  be  of  inestimable  value,  as  they  cover  the  greatest  flood  discharge  ever 
measured  on  the  Mississippi  River.  It  was  the  intention  originally  to  do  all  the  veloc- 
ity work  with  the  meter,  but  the  late  arrival  of  the  steam  launch,  and  some  unavoid- 
able delays,  caused  by  losing  some  of  the  connecting  parts  of  the  meter,  made  it  nec- 
essary to  resort  to  float  methods  until  the  meter  could  be  employed  permanently. 
The  regular  plan  of  conducting  the  discharge  work  was  as  follows :  The  cross-section 
was  first  sounded.  Every  sounding  was  located  by  an  anvle  deflected  from  a  IjOOO- 
foot  base-line  situated  at  right  angles  to  the  cross-section  line.  Between  90  and  100 
soundings  were  taken  daily.  The  soundings  were  taken  from  the  launch,  the  launch 
running  up  above  the  section  line,  then  drifting  back  to  take  the  sounding.  When 
above  tne  line,  the  recorder  on  board  held  a  signal  flag  above  his  head  untifon  exact 
line,  when  it  was  diopped  quickly,  this  being  the  signal  for  the  trannit-man  on  shore 
to  tiftke  the  angle  locating  the  sounding.  On  every  tenth  sounding  a  red  flag  was 
raised,  as  a  check lon  the  work  of  shore  and  launch  party.  The  tangent  of  eai:h  angle 
was  worked  out  as  it  was  taken,  thus  giving  the  distance  apart  of  the  soundings,  and 
showing^  at  once  any  gaps  that  n  ight  exist.  By  this  means,  errors  were  eliminated 
at  once  in  the  field.  This  system  of  sounding  should  be  regarded  as  conventional.  I 
can  conceive  of  no  other  plan  equal  to  it,  as  you  locate  each  sounding  iust  where  the 
leadsman  happens  to  cast  his  lead.  And  where  such  a  lar^e  number  of  soundings  are 
taken  as  at  the  Red  River  Landing  station,  you  will  during  a  series  of  days'  work 
touch  nearly  all  points  of  the  section.    If  the  fixed  signal  system  were  employed,  yoa 
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tooeh  simply  the  same  stations  and  you  know  nothing  of  the  changes  that  are  taking 
place  between  them.  For  sonuding  at  this  station,  light  leads  and  lines  were  nsed  in 
prefereooe  to  the  iisnally  heavy  ones  employed. 

The  velocity  work  with  floats  was  pertornted  in  the  following  manner :  The  floats 
-were  timed  over  a  100-foot  path ;  the  transit  o^  float  over  the  ranges  inclosing  this  path 
-was  located  with  transit,  tne  bases  of  location  being  1,000  and  1,100  feet  forupper  and 
lower  rangfs  respectively.  At  the  section  lines  a  very  satisfactory  substitute  for 
transits  to  line  the  floats  was  used.  It  consisted  of  flue  silk  threads,  weighted  with 
lead  plnmb  bobs  and  suspended  from  the  apex  of  tripods  erected  over  the  lining  hubs 
•on   the  sections.    These  threads  gave  a  line  I  consider  practically  as  good  as  that 

fiven  by  the  cross  hairs  of  a  transit.  These  stations  were  established  on  both  banks, 
alf  of  the  river  being  observed  from  each  bank ;  there  were  days,  however,  when 
the  atmosphere  was  clear  enough  to  take  all  the  observations  from  one  bank.  At  each 
^f  the  lining'in  stations,  a  rude  stand  was  erected  for  holding  the  electric  key  and  re- 
cording. The  floats  were  all  started  from  points  located  on  a  section  500  feet  above 
the  npper  extremity  of  the  float  path.  This  section  was  divided  into  a  sufficient 
naraber  of  stations  to  cover  all  the  velocities  between  the  banks ;  the  angles  corre- 
sponding to  ch  se  stations  were  calculated,  so  that  to  start  the  float,  it  was  necessary 
«imply  to  run  out  this  section  line  until  the  line  indicated  by  signal  from  the  transit- 
man  was  reached.  At  this  point  the  float  starter  would  launch  the  float ;  the  depth 
or  immersion  of  float  was  always  determined  from  soundings  taken  previously. 
Doable  floats  were  always  run  at  mid  depth.  Rods  were  run  as  close  to  the  bottom 
•as  possible.  After  the  float  was  launched,  the  boat  party  followed  the  float  over  the  path 
ftnd  noted  very  closely  its  action ;  if  anything  unnatural  was  visible,  the  float  was 
always  repeated  until  a  visibly  satisfactory  observation  was  obtained.  To  avoid  con- 
fnaioD,  a  system  of  sisals  for  repeating  floats  was  adopted.  When  a  float  was  to  be 
repeated  for  reasons  discovered  by  the  boat  party,  the  float  starter  indicated  the  fact 
by  waving  a  flag.  When  a  float  was  to  be  repeated  for  reasons  discovered  by  the 
ehore  party,  the  transit-man  waved  a  flag.  The  transit  of  the  float  over  the  sections 
at  extremity  of  path  was  signaled  to  the  transit-man  by  telegraph,  by  the  observer 
at  the  lining  stations,  the  observer  also  acting  as  time-keeper.  For  a  brief  time  when 
the  flood  was  at  its  height,  the  locations  at  path  extremities  were  omitted,  and  a  float 
path  of  100  feet  was  assumed.  The  washing  away  of  the  telegraph  supports  necessi- 
tated this  change. 

When  rods  were  used,  a  special  form  of  rod  had  to  be  devised,  as  at  the  deeper  por- 
tions of  the  sections,  the  weight  attached  to  rod  has  to  be  so  great  that  it  is  necessary 
to  arrange  the  attachments  in  such  manner  that  the  weight  may  be  detached  before 
withdrawing  the  rod.  If  such  au  arrangement  is  not  made,  you  will,  in  a  majority  of 
eases,  break  your  rod.  If  you  attempt  to  make  your  rod  heavy  enough  to  prevent 
breaktnc:,  yon  will  find  it  will  be  too  cumbersome  to  handle  in  a  boat.  The  form  of 
rod  devised  for  this  work  was  the  some  as  that  shown  in  sketch  ^'A.''  The  lower  ex- 
tremity of  this  rod  is  made  T-sb^P^f  as  at  *'  R.''  To  the  weight  **  to  "  two  pau-sUaped 
metalfic  wrists  are  attached  at  vv .  These  strips  fit  closely  to  the  T  portion  of  the  rod, 
as  shown  in  the  figure.  The  teriniAal  ends  spring  outward  at  c&  for  reasons  that  will 
presently  be  given.  A  string  passes  from  the  weight  At**h**to  the  top  of  the  rod. 
This  string  is  the  one  used  in  raising  the  weight.  The  small  ring  at  zz'  is  held  by  two 
ring  strings  that  pass  from  this  ring  to  the  top  of  the  rod.  The  method  of  launching 
and  withdrawing  the  rod  is  as  follows:  The  rod  is  taken  in  tow  by  the  skifi^.  The 
launch ing  station  having  been  reached,  the  weight  is  attached  by  simply  fitting  the 
weight  into  the  groove  at  *^u^*  and  turning  the  wrists  down  on  the  T  portion  of  the 
rod,  making  rhem  fast  by  springing  the  ring  over  the  spring  ends  as  at  gg'.  This  be- 
ing done,  the  rod  is  lowered  ^pudually  into  the  water  untilthe  desired  immersion  is 
reached.  After  the  observation  is  complete,  to  withdraw  the  rod,  it  will  be  simply 
necessary  to  give  a  brisk  jerk  on  the  ring  strings,  which  will  set  the  rod  free.  As  the 
rod  is  held  by  party  in  the  lM>at  the  weight  pressing  downward  will  throw  back  the 
wrists  which  are  hinged  at  bb'.  The  weight  having  been  detached,  you  will  find  that 
the  rod  will  shoot  rapidly  upward  and  lie  flat  on  the  water  surface,  before  the  lead 
weight  can  be  drawn  to  the  surface.  While  one  of  the  boat  crew  is  raising  this  weight, 
the  other  members  of  the  crew  will  have  taken  the  float  in  tow  and  reached  the  next 
station,  without  loss  of  time,  breakage,  or  any  inconvenience  whatever.  So  it  is  seen 
the  launching  of  this  type  of  float  is  reduced  simply  to  a  minimum  as  to  time. 

The  work  with  the  meter  was  all  conducted  from  the  catamaran.  The  location  was 
done  by  intersecting  signals  established  on  the  bank.  This  system  of  location  was 
necessitated  by  reason  of  the  entire  force  having  duties  on  the  river.  The  plan  of 
working  was  as  follows:  The  catamaran  was  lashed  to  the  launch  in  such  a  manner 
that,  the  snspending  wire  holding  the  meter,  the  throttle  valve  of  engine  and  the  en- 
gineer would  all  be  in  plane  of  the  section  when  on  line;  the  pilot  taking  such  a 
posftjoo  with  reference  to  the  intersecting  signals  as  to  bring  the  meter  exactly  on 
the  station.  This  plan  enabled  the  pilot  and  engineer  to  keep  the  plant  in  perfect 
positioh  without  any  appreciable  variatioiK    The  greater  nomlM<)r  of  the  discharge 
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Telocity  obserrations  were  takeu  by  faoldiug  the  plant  up  against  the  oarreBt.  It  wa» 
found  by  making  a  large  number  of  experiments  with  plant  anohored|  that  the  results 
taken  with  the  plant  free  or  anchored  did  not  differ.  Experiments  were  made  fte- 
quently  at  the  various  stations  in  order  to  fully  satisfy  myself  that  the  plans  did  no^ 
differ  appreciably.  In  doing  the  work^y  holding  up,  care  ^  as  always  taken  to  com- 
mence and  end  the  observations  on  exact  line.  The  vast  amount  of  time  it  would 
take  to  withdraw  and  cast  large  anchors,  the  continued  presence  of  parsing  boats,, 
and  the  vast  fields  of  drift  that  are  present  in  the  river  continually  at  flood  stages^ 
necessitated  the  adoption  of  this  plan. 

In  taking  vertical  velocity-curve  observations,  the  plant  was  always  anchored. 
The  meter  was  worked  from  the  stem  ot  the  catamaran.  The  connection  and  general 
arrangement  of  the  apparatus  was  as  follows :  The  suspending  and  guy- wires  were 
attached  to  two  model  cog-reels  which  weie  attached  to  the  platfoim,  in  the  bow  and 
stem  respectively.  The  suspending  wire  passed  from  the  stem-reel  over  to  an  iron 
sheave  held  by  a  pulley  Ktanchion  that  projected  about  4  feet  upwards  i'rom  end  of  the 
stem  ;  this  btancnion  leaned  outward  iar  enough  to  let  the  meter  weight  clear  the 
platform.    The  wire  pathed  from  this  sheave  to  the  loop-clasp  of  the  meter-weight 

Eipe.  The  euy-wire  passed  from  the  stern-reel  to  a  wooden  sheave  held  by  a  pulley- 
lock  in  the  long  b«  am  that  pioiected  from  the  center  of  the  platform  outwanl  between 
the  bows  of  the  catamaran.  Tnisbeani  was  about  SO  feet  long,  and  was  made  adjusta- 
ble, as  its  length  depends  on  depth  of  immersion  of  the  meter.  Its  length  with  refer- 
ence to  the  hypotenuse  and  altitude  of  the  triangle,  of  which  it  forms  the  base,  mueit 
be  such  as  will  keep  the  suspending  wire  vertical.  The  ^uy-wire  passes  from  thia 
sheave  to  a  small  clamp  that,  is  attached  to  a  cylinder  oi  brass  1  inch  long,  whicb 
works  up  and  down  on  the  pipe  of  meter  weight.  This  little  cylinder  has  a  clamp- 
screw  for  adjusting  it  to  the  pipe  at  any  desired  height.  The  arrangements  described 
above  will  without  doubt  keep  apparatus  perpendicular  to  the  section.  In  this  con- 
nection I  would  say  that  were  it  possible  to  use  a  rigidly  fixed  pipe  for  holding  the 
meter  it  would,  I  think,  be  preferable.  But  we  know  on  the  Lower  Mississippi  at  cer- 
tain stages  this  would  be  impossible,  on  account  of  immense  quantities  of  submerged 
drift  that  will  be  met  with  continually. 

In  AnnaUa  des  P<mis  et  Chau»$4e8.  by  M.  De  La  Greve,  a  very  good  form  of  pipe  at- 
tachment is  described.  I  give  a  sketch  of  this  i  n  figure  **  B."  It  consists  of  a  piece  of 
gas-pipe  of  desired  length  with  a  small  lougitudiualsection  removed,  as  shown  in  the 
ori2ontal  section,  figure  *^a."  The  meter  slides  down  this  pipe  and  is  kept  from  turn- 
ing by  the  projection  at  c.  Though  the  device  is  a  good  one,  yet  the  guyplan,  when 
worked  carefully ,  is  the  more  satisfactory  and  is  always  practicable.  Tne  battery 
connectiors  were  first  made  through  the  reels  direct ;  but  it  was  found  advisable 
afterwards  to  use  two  small  insulated  wires  for  couducting  the  electric  currents* 
These  wires  served  also  as  safety  wires,  as  the  suspending  wire  often  broke.  In  such. 
cases  the  conducting  wires  would  hold  the  metef .  The  guy  would  prevent  loss  were 
these  wires  missing,  but  it  would  not  prevent  the  injury  that  would  be  done  by  with- 
drawing it  with  tne  guy-wire.  The  battery  connections  were  centralized  in  suoh 
manner  that  but  two  simple  connections  on  the  meter  completed  the  circuit.  The 
battery  and  register-cases  were  combined  and  attached  bv  angle-wires  to  the  cata- 
maran in  such  manner  as  to  prevent  loss.  The  stem  reel  was  graduated  and  con- 
nected with  an  index  pointer  in  such  manner  that  depths  of  less  than  one- tenth  of  a 
foot  could  be  read  off. 

The  meter  weight  consisted  of  a  lead  cylinder  weighing  about  60  pounds.  Thia 
cylinder  was  about  10  inches  long  and  about  4|  inches  m  diameter.  A  piece  of  f-inch 
gas-pipe  passed  through  the  cylinder.  This  pipe  was  about  16  inches  long.  The 
meter  was  attached  to  this  pipe.  The  top  of  the  pipe  terminated  in  a  screw-UH>  -oea- 
taining  the  suspending  wire  clamp.  A  small  brass  cylinder  containing  the  guy- wire 
damp  was  attached  to  this  pipe  also. 

The  fbrniture  of  the  catamaran  consisted  of  a  small  skifi^,  a  large  sweep  oar,  a  lung 
pike  pole,  an  ax,  and  set  of  signal  flags.  Life  preservers  for  the  party  were  also  on 
ui  ard.  This  outfit,  and  careful  training  of  the  party,  preventied  losses  or  aocidentaof 
any  kind  during  the  year,  which  was  one  of  the  most  trying  ones  that  in  all  proba> 
bility  will  ever  be  encountered  by  parties  d^  work  of  this  character. 

The  velocity  work  done  with  double  floats,  rod- floats,  and  the  meter  was  refined  itt 
every  detail  possible,  as  the  necessity  of  emi  joying  three  methods  made  it  absolutely 
necessary  to  secure  as  nearly  perfect  results  a«<  possible,  in  order  to  make  a  comparison 
of  the  methods,  and  to  make  the  discharge  work  in  general  satisfactory.  (The  final 
reductions  and  the  curves  of  velocity,  area,  and  discharge  deduced  attest  fully  the 
accuracy  of  the  work  in  detail. 

The  cause  of  not  nsing  the  meter  exclusively  was  dne  to  the  non-arrival  of  the 
launch  and  the  loss  of  one  of  the  connecting  parts  of  the  meter.  Work  with  the 
meter  was  a  perfect  success  from  the  start.  After  the  equipment  for  making  repairs 
was  receive<l  from  l^aint  Louis,  not  a  single  observation  was  taiken  by  any  other  plan. 
Aside  from  this,  I  think  the  partial  use  of  float«  fortunat^e,  as  it  will  admit  of  a  ooba- 
parison  of  the  methods  and  under  favorable  circumstances. 
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Beaides  the  regular  serial  work  done  by  the  party,  an  exhauKtive  exa  ail  nation  of 
the  grand  cut-off  near  Black  Hawk  was  made  during  the  flood.  No  flow  through 
the  cut-off  was  manifest.  In  Red  River,  from  the  mouth  of  the  bayou  cut-off  down 
to  Spanish  FoU,  the  current  was  very  feeble  during  the  flood.  An  examination  waa 
also  made  of  the  Bayou  des  Glaises  from  the  mouth  to  Hamburg,  La.  A  discharge 
was  also  taken  through  a  section  about  i  mile  above  the  mouth  of  this  bayou. 

The  notes  were  kept  written  up  t  aily.  The  calculations  were  kept  up  daily,  and  a 
discharge  sheet  transmitted  weekly  up  to  August  17,  lb82.  After  that  date  no  compu- 
tation could  be  made,  as  my  assistant,  Mr.  John  C.  Cammack,  left  the  party,  he  having 
received  official  orders  to  report  in  Saint  Louis. 

A  daily  log  was  kept,  also  a  daily  summary.  The  latter  book  contained  the  gauge 
readings,  temperatures  of  the  air  and  water,  direction  and  force  of  the  wind,  dates  of 
rain,  froetd,  fogs,  and  other  marked  ieatures  of  the  weather :  also  a  complete  record 
of  the  kind  and  amount  of  work  done  daily,  the  condition  oi  the  data,  &c. 

When  work  on  the  river  was  impossible,  the  boat  party  were  engaged  in  the  shop, 
fabricating  such  articles  as  were  required  on  the  work,  making  repairs  on  the  appa- 
ratus, &c 

The  launch  was  kept  in  complete  repair  and  improved  considerably  by  the  party. 
The  stability  of  the  launch  and  its  excellent  running  power  were  fully  established  by 
the  excellent  condition  it  was  in  at  the  close  of  the  work,  after  having  beeu  used  se- 
verely for  over  a  year.     For  work  of  this  character  launches  of  this  typehave  no  equal. 

The  resulis  of  the  daily  discharge  observations  are  siven  so  fully  in  the  tables  of 
calculations  and  curve  charts  appended  to  this  report,  tnat  a  discussion  of  them  here 
ia  onneceesary. 

The  work  was  inspected  by  yon  in  person  on  January  25  and  26, 1882,  and  again  on 
November  23,  1882;  The  meter  work  in  actual  operation  on  the  river,  the  plant,  and 
all  the  auxiliary  apparatus  were  inspected  on  November  23,  1682,  by  General  H.  Q. 
Wright,  Chief  of  Engineers,  United  States  Army,  General  C.  B.  Comstock,  president 
Mississippi  River  Commission,  Maj.  Amos  Sticliney,Maj.  Chas.  R.  Suter,  United  States 
Army,  Mig.  B.  M.  Harrod,  Prof.  Henry  Mitchell,  and  Judge  R.  C.  Taylor. 

The  work  of  the  party  at  Red  River  Landing  closed  on  November  26,  1882,  orders 
having  been  received  on  that  date  to  close  the  work  and  proceed  with  party  to  the 
Bonnet  Carr^  crevasse.  The  note-books  and  field  supplies  no  longer  required  were 
transferred  to  the  steamer  Mississippi  on  November  26,  1882.  All  the  calculations  of 
discharge  work  for  both  the  Mississippi  and  Atchafalaya ;  charts  showing  deduced 
curves  of  velocity,  discharge,  and  area ;  a  map  showing  relative  position  of  cross-sec- 
tions; a  map  of  transverse  velocity  curves  taken  in  bend ;  a  map  showing  contour  of 
river  bed  at  ail  of  the  sections,  are  all  appended  to  this  report. 

Before  closing  this  part  of  my  report  I  desire  to  acknowledge  the  valuable  assistance 
rendered  by  my  assistant,  Mr.  John  C.  Cammack ;  the  cheerful,  prompt,  and  accurate 
manner  in  which  he  performed  his  arduous  duties  during  the  most  trying  times  of 
the  great  flood,  and  at  all  times  while  with  my  party,  is  worthy  of  praise  which  words 
are  but  meager  to  express. 

The  changes  and  action  of  the  river  in  the  vicinity  of  Red  River  Landing,  and  some 
facts  regarding  the  flood  height  of  1882  and  previous  years,  and  other  personal  obser- 
▼atiuns  made  during  the  year,  will  doubtless  be  of  interest  in  connection  with  the  above 
xeport. 

The  weather  during  the  year  was  variable.  It  rained  on  143  days;  fogs ]^re vailed 
periodically  from  January  5  to  June  13.  The  minimum  temperature  of  the  air  for  the 
year  was  3^  (on  January  30).  The  maximum  temperature  of  the  air  was  98^  (on 
August  17).  The  minimum  temperature  of  the  water  was  44^  (on  January  30);  the 
naximum  temperature  of  the  water  was  84^  (on  June  30,  July  1  to  6,  August  17  to  31). 

The  temperatures  of  the  water  were  taken  at  points  of  the  section  from  bank  to  bank^ 
and  as  near  mid-depth  as  possible.  These  temperatures  were  valuable  during  the 
flood.  The  arrival  of  flood  water  from  the  Tensas  region  was  shown  by  the  tempera- 
ture of  the  Atchafalaya  during  the  flood.  On  the  day  preceding  the  arrival  on  the 
Atehsfalaya  of  the  flood  water  referred  to,  the  temperatures  of  the  Mississippi  and 
Atchafalaya  were  the  same,  which  might  be  expected,  as  the  Mississippi  was  discharg- 
ing a  portion  of  its  waters  into  the  Atchafalaya  via  Old  River.  On  the  day  of  the 
atnval  of  additional  flood  water  on  the  Atchafalayathe  temperature  of  the  Atchafalaya 
rose  several  de^rers,  thus  indicating  the  source  of  the  additional  volume  of  water 
present  in  the  nver. 

The  river  was  rising  on  December  3, 1881,  the  day  of  the  arrival  of  party  at  Red 
River  Landing,  and  continued  rising  until  December  6,  when  it  began  falling.  It  fell 
until  December  27,  un  which  date  it  oegau  rising,  and  continued  until  March  27, 1882, 
on  which  date  it  reached  its  maximum  stage  not  only  for  the  year,  but  the  highest 
ever  known.  The  gauge  at  12.30  o'clock  on  that  day  read  48. 53  feet  above  the  lo  w  •  water 
mark  of  1872,  which  is  the  zero  of  the  gauge.  This  zero  is  2.4  feet  above  sea  level. 
tliis  remarkable  stage  of  the  river  was  1,53  feet  above  high- water  mark  of  1874,  and 
2.26  feet  above  high-water  mark  of  1867.    The  high-water  marks  of  the  years  1867^ 
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1874,  find  1882  are  46.27,  47.05,  and  48.53  respectively.  It  will  be  seen  from  these 
figures  that  the  flood  intervals  from  1867  to  1882  are  7  and  8  years,  respectively ;  the 
rise  of  the  flood  surface  for  these  periods,  0.78  and  1.48  feet. 

The  general  character  of  the  Old  River  water-way,  and  the  effects  of  the  periodic 
flow  inward  and  outward,  will  doubtless  be  of  interest  here.  The  period  of  change 
of  flow  is  generally  3  days.  The  first  sign  manifest  is  a  marked  checking  of  the  cur- 
rent in  Old  River,  and  a  more  marked  degree  of  clearness  in  the  water.  These  changee 
are  very  easily  noticed  on  the  first  da^.  Od  the  second  day  the  current  nearly  ceases. 
On  the  third,  the  change  of  flow  is  found  to  have  taken  place ;  the  current  will  be 
fonnd  as  swift  as  usual,  and  the  water  will  have  the  usual  mud  color.  The  direction 
of  flow  is,  of  course,  governed  by  the  relative  stages  of  the  Mississippi  and  the  At- 
cbafalaya,  the  Red  River,  of  course,  governing  the  Atchafalaya.  The  current  is 
awifter  when  the  flow  is  outward.  The  general  .effects  of  an  inward  flow  are  more  in- 
jurious to  the  Old  River  water-way  than  an  outward  flow  is,  and  for  this  reason, that 
when  the  flow  is  inward,  the  current  is  greatly  diminished  and  the  percentage  of 
sediment  in  the  water  is  visibly  greater. 

These  two  ruling  elements,  which  under  the  circumstances  act  in  unison,  cause  a 
more  rapid  fill,  while  the  checking  of  the  current  diminishes  the  scouring  thatchar- 
4M;terizes  an  outward  flow. 

Turn  bull  Island  is  also  an  obstacle  to  the  flow  through  Old  River,  and  at  flood 
stages  it  forms  the  ba^is  of  marked  fills  all  the  way  around  the  island.  It  is  in  fact 
the  nucleus  of  all  the  sand-bars  in  the  vicinity.  The  effects  of  an  outward  flow  are 
more  beneficial  to  navigation  than  an  inward  flow,  though  at  -certain  points,  which 
will  be  described  presently,  it  has  a  damaging  effect.  It  is  in  general  more  beneficial, 
as  the  current  is  more  rapid,  and  the  percentage  of  sediment  in  the  water  is  much 
smaller,  as  Red  River  water  has,  I  think,  a  smaller  percentage  of  sediment  than  Mis- 
sissippi water.  The  deep-red  color  of  the  former  is  due  to  matter  held  in  solution 
rather  than  that  held  in  suspension.  These  are  the  things  which  make  an  outward 
flow  favorable  to  navigation.  The  shoal  places  in  Old  River  are  three  in  number,  and 
are  situated  as  follows:  At  Barbre's  crossing,  in  vicinity  of  Ash  Cabin  Bend,  and  at 
the  Mississippi  mouth  of  Old  River.  The  causes  that  have  produced  this  shoaling  I 
oonsider  to  nave  been  as  follows:  At  the  Barbre  crossing  the  shoaling  is  due  to  the 
ohecking  of  the  current  of  Red  River  as  it  sweeps  around  the  bend  where  it  enters 
Old  River.  In  turuing  this  bend,  it  loses  a  great  part  of  its  velocitv,  which  it  cannot 
possibly  recover  until  it  gets  some  distance  beyond  Barbre's  prossfng.  The  effect  of 
this  is  the  piling  up  of  the  sediment  which  the  river  has  pushed  to  this  point,  and 
which  the  loss  of  velocity  prevents  from  being  carried  farther.  The  deposit  from  the 
water  itself  is  also  augmented,  owing  to  the  slackeuing  up  of  the  current.  The  flow 
«ith»'r  way  from  Old  River  causes  a  fill  at  this  crossing,  and  for  this  reason,  that  when 
the  flow  is  outward  the  current  is  checked  in  the  Red  River  bend  as  before ;  when 
the  flow  is  inward  the  current  is  checked  near  the  turn  at  the  Ash  Cabin ;  and  when 
it  get«  to  Barbre's  crossing,  it  encounters  Red  River,  which  is  moving  nearly  at  right 
angles  to  it.  So  it  is  seen  both  streams  meet  at  this  point  in  a  somewhat  exhausted 
oondition.  Their  forces  are  so  nearly  equal  that  equilibrium  is  nearly  produced, 
which  action,  as  is  obvious,  causes  the  fill  or  shoaling  referred  to. 

The  equalization  of  the  forces  of  the  water  at  this  point  is  verified  by  the  well- 
defined  color  line  that  is  always  seen  at  this  point.  The  shoaling  near  the  Ash  Cabin 
is  due  to  the  decrease  of  velocity  caused  by  Old  River  encountering  the  bends  it  meets 
before  it  reaches  this  point.  Tne  fill  is  greater  at  this  point  when  the  current  is  in- 
ward, as  the  arm  of  the  bend  with  reference  to  an  inward  flow  is  more  abrupt.  The 
shoaling  at  the  mouth  is  due  wholly  to  an  inwa.rd  flow.  The  large  volume  of  Mis- 
sissippi water  that  sweeps  around  the  turn  at  Carr's  Point  carries  with  it  a  vast  vol- 
ume of  sediment,  which  it  leaves  at  the  shoal  section  referred  to  for  want  of  snffl- 
eient  velocity  to  carry  it  farther.  The  loss  of  velocity  in  this  case  is  much  greater 
than  in  any  of  the  others  mentioned  :  the  fill  is  in  consequence  mnch  greater.  The 
steamboat  ebannel  at  entrance  of  Old  River  attests  the  great  force  and  action  of  the 
water  as  it  sweeps  around  this  point.  This  channel,  just  before  you  enter  Old  River, 
is  nearly  at  right  angles  to  the  Old  River  Channel.  On  both  sides  of  it^  immense 
sand  reefs  exist.    This  channel  resembles  a  canal  more  than  it  does  a  natural  passage. 

This  channel  is  due  to  the  action  of  the  maximum  thread  of  the  current,  which 
sweeps  ai-ound  the  point  at  the  mouth  with  a  tremendous  force  and  passes  the  mouth 
without  entering.  It  is  this  portion  of  the  current  that  produces  the  channel  at  the 
entrance  of  Old  River.  This  point  of  Old  River  is  benefited  materially  by  an  out- 
ward flow,  as  the  volume  of  water  coming  out  scours  more  rapidly.  The  outward 
volume  pushes  the  Miesistfippi  water  as  it  rounds  Calx's  Point  farther  toward  the  left 
bank ;  I.  0.,  it  has  that  tendency.  This  action  causes  the  bar  at  the  point  of  Old 
River  (the  nucleus  of  which  is  Carr's  Point)  to  make  rapidly  down  stream.  Its  make 
is  due  wholly  to  the  meeting  of  the  two  rivers  at  this  point  when  the  flow  is  outward. 
By  meeting  they  lose  a  large  percentage  of  their  velocity,  and  thus  increase  the  sedi- 
mentary deposit  at  this  point.    This  bar  made  about  300  feet  down  stream  last  year. 
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Sbonld  the  flow  continne  outward  from  Old  River  without  ohangiugi  and  low  stages 
of  the  river  predominate  for  any  great  length  of  time,  this  bar  wonldeventnally  work 
its  way  down  stream  and  connect  with  the  main  bank  of  the  Mississippi  below  Tor- 
ras's,  and  thus  close  up  Old  River  at  low  water  entirely.  This  section  of  the  country, 
and  more  especially  that  within  a  radius  of  10  miles  from  the*  center  of  Tumbulrs 
Island,  is  a  very  interesting  one,  aod  is  a  wide  field  for  investigation  at  the  present 
lime,  as  it  no  doubt  contains  the  unknown  quantities  that  make  the  problem  of  the 
change  of  the  Mississippi  channel  at  the  present  time  a  vague  uncertainty. 
Beepectfally  submitted. 

JOHN  EWENS, 
Aasistant  Engineer. 
First  Lieut.  SMriH  S.  Lkach, 

Secretary  Miseissippi  River  Commiseion, 

Dieckarge  obBervationBf  Red  River  Landing ,  La. 

In  this  tabulation  the  gauge  readings,  water  area,  maximum  depth,  width,  mean 
velocity,  discharge,  direction  and  force  of  wind,  temperature  of  air  and  water,  and 
method  were  copied  from  not  e-books  Noe.  831-835,  839-844,  854. 

Rise  or  fall  between  any  two  days  was  obtained  by  taking  the  difference  between 
the  gauge  readings  on  those  days. 

Scour  or  fill  between  any  two  days  was  obtained  thus:  Take  the  difference  be- 
tween the  water  area  on  the  first  day,  counted  for  rise  or  fall  for  the  time  considered, 
and  the  water  area  of  the  second  day.  If  the  area  of  the  second  day  is  the  larger,  the 
difference  is  scour ;  and  if  the  smaller,  this  difference  is  fill. 

Datum  was  taken  at  a  gauge  reading  of  48.5  feet,  and  surface  width  of  3,918  feet, 
•n  March  S7. 

Datum  area  is  the  water  area  of  March  27  and  =  234,480  square  feet. 

Subsequent  datum  areas  were  obtained  by  successively  adaing  and  subtracting  the 
seours  and  filla. 

Datum  areas  between  December  14  and  March  27, 1882,  were  obtained  by  working 
backward  froai  March  27. 

Mean  depth  was  obtained  by  dividing  the  water  area  by  the  water  width. 

Mean  datum  depth  was  obtained  by  aividing  datum  area  by  datum  width. 
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DtBckarge  observations,  Atchafdliya  River, 

The  compntations  for  the  discharge  of  the  Atchafalaya  River  were  made  in  the  fol- 
lowing manner : 

The  areas  were  obtained  by  plotting  the  sections  on  cross-section  paper,  locating 
the  position  of  velocity  observations,  then  dividing  the  section  into  partial  areas,  and 
counting  the  small  squares  in  each  area ;  thns  giving  to  each  velocity  an  area,  unless 
two  or  more  velocities  were  taken  very  close  together,  in  which  case  an  area  was 
given  to  the  mean  of  this  group  of  velocities. 

The  sum  of  these  parti  alareas  beins  the  total  area  of  section. 

The  discharge  for  partial  areas  was  obtained  by  multiplying  the  area  by  its  velocity. 

The  total  discharge  beinff  the  sum  of  the  partial  discharges  thus  obfained. 

The  mean  velocity  was  obtained  by  dividing  the  total  discharge  by  the  total  area. 

The  mean  depth  is  obtained  by  dividing  the  area  by  the  water  width. 

The  maximum  depth  is  the  deepest  actual  sounding  t-aken. 

Scour  or  fill  is  the  difference  in  sectional  area  obtained  by  actual  area  difference 
compared  with  difference  due  to  change  of  gauge ;  51  feet  was  taken  as  datum  gauge- 
reading. being  .13  foot  above  highest  gauge-reading  when  observations  were  taken; 
the  difference  in  area  due  to  this  difference  in  gauge  was  added  to  the  water  area  of 
March  2S;  the  area  thns  obtained  being  used  as  the  datum  area. 

The  other  datum  areas  were  obtained  by  successively  adding  or  subtracting  the 
scours  and  fills. 

Mean  datum  depth  was  obtained  by  dividing  the  datum  area  by  the  datum  width, 
1,030  feet. 

Owing  to  the  recorded  gauge-readings  in  the  note-books  being  veiy  unsatisfactory, 
they  were  discarded  and  a  set  of  readings  interpolated  from  the  Barbres  Landing 
gauge  in  the  following  manner. 

The  gauge  is  at  the  nead  of  the  Atchafalaya,  about  1,500  feet  above  the  discharge 
section.  A  curve  was  plotted  on  profile  paper  from  this  gauges,  and  readinss  were 
interpolated  for  4  p.  m.  of  each  day,  which  time  is  the  mean  time  of  daily  ooaenra- 

tiODS. 

The  difference  in  readings  between  the  gauffe  at  section  and  Barbres  gauge  was  de- 
termined (1.1  feet).    This  correction  was  applied  to  readings  on  Barbres  gauge. 

The  compntations  up  to  August  16  were  made  in  the  field ;  after  that  date  in  the 
office. 

A  discharge  curve  was  plotted  and  several  of  the  observations  farthest  from  the 
line  were  recomputed;  some  of  them  found  in  error,  others  checking  closely. 

A.  H.  WEBER. 
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6.— At  Winona.  Minn.,  John  £weN8,  Assistant  in  Charge. 

(Note.— ReBults  in  Report  of  Commisaion  for  1882,  page  127.) 

Office  Mississippi  River  Commission, 

Saint  Louis,  Mo.f  June  1, 1883. 

Sir  :  I  haye  the  hoDor  to  inform  you  that  id  accordance  with  your  instructions, 
received  in  September,  IddO,  I  proceeded  to  Wabasha,  Minn.,  where  I  completed 
organization  of  party  and  made  immediate  preparations  to  carry  ont  your  instructions. 

After  a  careful  examination  of  the  topography  of  the  country  in  the  vicinity  of 
Wabasha,  1  found  that  a  formidable  outlet  known  as  **Beef  Slough,''  situated  some 
distance  back  from  the  left  bank,  would  make  the  locality  a  very  undesirable  one  for 
the  work  of  gauging,  which  first  of  all  for  its  success  requires  the  absence  of  outlets. 
Surveys  and  sectional  soundings  of  the  river  at  this  point  were  sent  to  Saint  Lonia 
for  examination.  In  a  very  brief  time  afterward  orders  were  received  for  the  party 
to  remove  to  Winona,  47  miles  below.  Examinations  similar  to  those  made  at  Wa- 
basha were  made  at  Winona,  and  at  the  town  of  Homer,  about  4  miles  below.  A 
large  number  of  sections  were  sounded  at  both  of  the  places  mentioned,  and  a  sec- 
tion for  discharge  measurement  select'Cd  at  both.  The  Winona  section  was  situated 
about  li  miles  below  the  Chicago  and  Northwestern  Railroad  bridge.  This  section 
wtis  selected  on  account  of  the  banks  being  higher  than  elsewhere  in  the  vicinity^ 
and  owing  to  the  absence  of  eddies  and  other  disturbing  elements  that  detract  from 
the  accuracy  of  discharge  work.  The  Winona  section,  though  the  best  to  be  found 
in  the  vicinity,  presented  many  disadvantages  which  no  doubt  have  their  influence  on 
work  of  this  character,  where  refinement  is  so  desirable.  The  most  prominent  draw- 
back was  the  pretience  of  large  numbers  of  immense  rafts  which  skirted  the  right 
bank  for  miles  above  and  below  the  discharge  section,  extending  for  some  distance 
ont  in  the  river.  The  effect  of  such  obstructions  on  the  velocity  and  changes, 
of  bed  is  so  obvious  that  a  description  here  of  their  effect  is  unnecessary.  In  conse- 
quence of  the  constant  presence  of  these  rafts  I  thought  for  a  time  that  the  Homer 
section  would  be  preferable,  but  found  that  at  high  water  the  discharge  would  be  par- 
tial on  account  of  a  small  outlet  fed  by  the  river  above  this  section.  So,  in  view  of  all 
these  facts,  Winona  was  finally  decided  on. 

On  account  of  the  absence  of  supplies,  work  with  the  electric  plant  designed  by 
you  could  not  be  commenced  until  the  spring  of  1881.  Rod*floatH  were  employed  for 
velocity  measurements  until  the  closing  of  the  river,  which  took  place  on  November 
20,  1880.  After  the  closing  of  the  river  preparations  were  begun  immediately  for 
the  winter  work  through  the  ice  with  the  wat«r-meter.  The  severity  of  the  winter 
in  this  State  suggested  to  me  the  propriety  of  devising  some  plan  by  which  the  work 
eould  be  continued  without  interruption  from  the  cold/  To  meet  this  difficulty,  a  sled- 
house  was  designed  and  constructed.  It  consiMted  of  an  oblong  structure,  large 
enough  for  three  members  of  the  party  to  conduct  the  work  in.  This  house  waa 
mounted  on  two  wooden  runners,  wnich  were  clad  with  steel ;  a  window  on  the  front 
side  of  the  structure  admitted  all  the  light  required.  A  trap-door  with  a  portable 
casing  was  made  in  the  floor  of  the  house  for  lowering  and  raising  the  meter.  Tho 
interior  furnishings  consisted  of  a  de^k  for  recording  and  holding  the  register,  a  stove, 
thermometer,  and  two  pulley-galleries  for  lowering  and  raising  the  meter  and  inte- 
grating. The  plan  of  working  was  as  follows:  The  stations  having  been  previously 
located,  a  square  hole  was  cur  in  the  ice  at  each  station,  the  center  of  the  nole  being 
the  original  location  of  the  station-hub.  A  path,  the  center  of  which  was  the  section 
line,  the  width  conforming  to  the  gauge  of  the  runners  of  the  sled,  was  then  cut 
across  thu  river.  With  these  arrangements  to  perform  the  work,  it  was  simply  uec<-8  - 
sary  to  draw  the  house  over  the  opening,  raise  the  trap-door,  and  insert  the  trap-cas- 
ing and  lower  the  meter  for  the  observations.  The  trap-casing  provfd  to  be  an  ex- 
cellent feature  of  the  house.  It  excluded  the  air  completely,  and  formed  a  wooden 
casing  around  the  opening  in  the  ice.  To  illustrate  how  admirably  the  house  pl**!^ 
worked,  it  will  suffice  for  me  to  state  that  the  party  continued  the  work  succeasruny 
on  many  days  when  the  wind  blew  a  perfect  gale,  and  the  thermometer  indicated  a 
temperature  of  45^  below  zero.  On  these  days  the  temperature  within  the  house  was 
about  80^  above. 

Though  the  work  through  the  ice  was  conducted  with  all  the  care  and  refinement 
possible,  the  continued  presence  of  slush  ice  beneath  the  surface  no  doubt  detracted 
greatly  from  the  accuracy  of  the  work.  Were  it  not  for  this  fact,  the  work  would 
nave  been  as  fine  as  ever  has  been  done  elsewhere,  as  the  manner  of  working  and  ap- 
paratus used  could  hardly  be  improved  on.  This  work  was  continued  until  the  break- 
ing up  of  the  ice,  which  occurred  on  the  morning  of  April  4,  1^81.  Though  the  riv«*r 
became  free  from  ice  on  the  night  of  April  7,  the  party  had  made  arrangements  dur- 
ing the  winter  so  completely  tnat  they  were  enabled  to  begin  discharge  work  with 
the  electric  plant  and  rod-floats  on  the  morning  of  April  8,  six  hours  after  the 
river's  becoming  free  from  ice.    The  system  of  wire  anchorage  used|  and  the  general 
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plan  of  p]ant  and  method  of  working,  have  been  described  so  folly  by  yon  in  the 
progress  report  of  the  Commission  for  1881,  that  a  description  here  is  unnecessary. 
The  open^riyer  work  was  continued  snccessfaHy  autil  October  33, 1881,  orders  hav- 
ing been  received  to  leave  Winona  with  the  party  on  October  25, 1881.  In  connection 
with  the  regular  discharge  work,  the  following  work  was  done :  slope  obeervationa 
were  taken  daily,  sediment  and  dredge  specimens  were  taken  at  regular  periods,  and 
•  longitudinal  soundings  were  taken  as  often  as  time  would  permit.  The  dredge- work 
was  made  of  more  than  passing  interest  on  account  of  the  refinements  introduoed  in 
analyzing.  The  system  of  sieves  used  enabled  the  party  to  do  this  work  perfectly. 
The  work  was  inspected  by  vou  in  person  on  July  15, 1881.  The  computed  dischargea 
and  other  calculations,  with  maps  of  reach,  chart  showing  deduced  curves  of  dis- 
charge, velocitVy  and  areas;  also  sketches  showing  portable  sled-house  and  dredse; 
also  photosraph  of  electric  plant  in  actual  working  position,  are  all  appended  to  thia 
report.  The  discharge  data,  with  map  of  reach  and  curve  chart,  appeared  in  the 
progress  report  of  the  Commission  for  1881.  The  necessity  of  beginning  the  work  on 
the  Lower  Mississippi  as  soon  as  possible  after  closing  the  work  at  Winona  prevented 
this  report  from  accompanying  the  data  mentioned  at  that  time. 

In  co»clu»ion,  I  desire  to  acknowledge  the  valuable  assistance  rendered  by  my 
recorder,  Mr.  Hiram  Phillips,  who  performed  all  his  duties  in  a  manner  worthy  of  the 
highest  commendation  I  can  give  him. 

Very  respectfully,  your  obedient  servant, 

JOHN  EWEN8, 
Aifsistant  Engineer* 
First  Lieut.  Smith  S.  Lsach, 

Secrttary  Mi$9i89ippi  Biter  CommissUm. 


7.— At  Hakxibal,  Mo.,  Homer  P.  Rittsr,  Assistaitt,  in  Charok. 

(Non.— R«tiilt8  in  Report  of  Commistioii  for  1882,  |Mge  138.) 

Office  .  Mississippi  River  Commission. 

Soifit  Louis,  Mo.,  October  8,  1883. 

Sir  :  I  have  the  honor  to  submit  herewith  a  report  on  the  observations  of  the  gang- 
ina  party  stationed  at  Hannibal,  Mo.,  ftx>m  Octotier,  1880,  to  October,  1881. 

In  accordance  with  instmctions  received  from  yon,  I  left  Saint  Louis  October  0^ 
188U,  and  proceedeil  to  the  mouth  of  the  Des  Moines  Hiver  to  make  a  reconnaissance 
for  a  favorable  location  for  obtaining  the  discharge  of  the  Mississippi  Eiver  below  the 
mouth  of  the  Des  Moines  River. 

I  arrived  at  Warsaw,  HI.,  October  11^  and  proceeded  at  once  to  make  a  reconnais- 
sance of  the  river  in  this  vicinity.  On  October  15 1  received  your  communication  in- 
forming me  that  the  Commission  bad  examined  the  lollowing  location,  I.  €.,  500  feet 
above  the  Hannibal  bridgje  and  connecting  with  the  Sny  Levee,  and  found  it  well 
adapted  for  a  gauging  station,  and  that  it  should  be  occupied  unless  a  decidedly  bet* 
ter  one  be  discovered. 

I  started  immediatly  for  Hannibal,  Mo.,  and  after  examining  the  location  indicated, 
I  decided  to  locate  there,  finding  it  well  adapted  for  cadging  purposes. 

A  preliminary  survey  of  the  locality  was  then  made;  the  aischarge  section  estab- 
lished ;  ranffe  polls  and  targets  erected ;  slope  gauges  establinhed  and  put  up ;  the 
necessary  plant  collected ;  the  wire  anchorage  laid  and  the  electiical  float  apparatus 
put  together.  Everything  being  ready,  observations  were  commenced  November  12, 
1880,  and  continued  until  October  24,  1881,  wht'U  orders  were  received  to  discontinue 
the  observations.  The  party  consisted  of  one  recorder  and  two  boatmen,  with  an 
additional  boatman  during  high  water. 

Location  of  the  section. —The  section  was  located  500  feet  above  the  Hannibal  bridge 
and  parallel  to  the  same.  The  Mississippi  River  at  this  point  is  ver>  narrow,  being 
only  1,200  feet  wide  at  low  water ;  1,500  feet  at  a  bank-full  stage,  and  2,550  feet  at  ex- 
treme high  water,  1,0*^0  feet  of  the  latter  width  being  the  distance  from  the  lef^  bank 
to  the  Sny  Levee,  this  distance  being  covered  only  a  few  feet  in  depth  during  high 
water.  On  the  right  bank  the  bln&  run  close  to  the  river.  The  deepest  water  in 
the  section  was  about  30  feet,  at  low  water,  distant  about  400  feet  from  the  right 
bank.  The  bottom  of  the  river  was  nniform,  sloping  from  each  bank  towards  the 
deepest  part.    The  path  of  the  currept  was  normal  to  section. 

I^aiure  of  the  oheervathnB, — The  observations  nmde  during  the  season  consisted  of : 
(1)  A  measurement  of  the  river's  discharge,  taken  every  available  day.  (2)  Slope 
of  the  rivet*  surface  for  a  distance  of  2,(K)0  feet  above  and  2,000  feet  below  the  dis- 
charge-section. (3)  Sediment  samples  of  the  water  taken  at  different  points  in  the 
section  at  various  stages,  to  determine  the  amount  of  sediment  carried  in  suspension. 
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<4)  Dredi^ing^  obtainiDS  Bpecimena  of  the  bottom  of  the  river,  to  determine  material 
and  changes  in  material.    (5)  Tri-daily  readings  of  the  water-gauge. 

Discharge. — Discharge  observations  with  the  rod-float  plant  were  commenced  No- 
vember 11,  and  were  continaed  November  12,  13,  and  15.  These  observations  had  to 
be  discontinued,  with  the  exception  of  December  13  and  14,  on  account  of  running  ice, 
until  the  river  iVoze  over,  whicn  occurred  on  December  29.  From  January  3  to  March 
10,  inclusive,  discharge  observations  were  taken  bv  cutting  holes  in  the  ice  and  using 
a  current-meter.  After  the  ice  had  broken  up  and  ceased  running  (April  7),  the  wire 
anchorage  was  ap^ain  put  in,  and  the  discharge  observations  with  rod-float  plant  re- 
sumed, and  continued  to  October  12,  when  observations  &t  the  station  were  discon- 
tinued. During  the  season  94  discharges  were  obtained,  29  of  which  were  meter  dia- 
oharges.  The  discharae  observations  were  reduced  and  computed  during  the  season, 
and  the  results  forwaraed  to  the  office  at  Saint  Louis,  Mo.  Taking  a  discharge  oon- 
aisted  in  obtaining  a  cross-section  of  the  river  by  means  of  soundings,  and  determin- 
ing the  velocity  of  the  current  at  various  points  in  the  section.  The  soundings  were 
taKen  either  with  a  pole  or  a  lead-line,  and  were  25  feet  apart.  A  20-pound  lead  was 
used.    Velocities  were  taken  every  100  feet  by  means  of  rod-floats  or  current-meter. 

In  determining  velocities  by  means  of  rod-floats  6  rods  were  run  to  each  station,  and 
a  mean  taken  for  the  observed  velocity  at  that  point.  When  the  current-meter  was 
used  a  mid-depth  and  an  integrated  velocity  were  taken  at  each  station. 

In  reducing  and  computing  rod  discharges,  the  observed  velocities  of  the  rods  were 
reduced  to  the  mean  velocity  in  the  vertical  section  by  Francis'  formula,  i.  0. ; 

in  which  "'  =  <  !-»• "«[  V^-  »•  1]  ) 

r'  =  mean  volocity. 
v= observed  velocity. 
D  =  depth  of  water. 
D'  =  immersion  of  rod. 

The  cross-section  was  divided  into  partial  areas  by  ordinaves  midway  between  the 
observing  stations.  The  mean  of  the  result  of  rods  run  at  any  station  was  multiplied 
into  the  corresponding  partial  area,  and  the  partial  discharges  thus  obtained  were 
added  together  for  the  total  discharge.  The  latter  quantity  was  divided  by  the  total 
cross-section  for  the  mean  velocity  of  the  river.  The  meter  discharges  were  com- 
puted in  the  saide  manner,  with  the  exception  that  a  mean  of  the  mid-depth  and  in- 
tegrated velocity  at  each  station  was  multiplied  into  its  corresponding  partial  cross- 
section. 

In  taking  discharge  with  rod  floats,  the  following  plant  was  used,  the  principal 
features  being  the  wire  anchorage,  the  electrical  float  apparatus,  and  the  rod  floats: 

The  wire  anchorage  consisted  of  a  No.  9  steel  wire  running  across  the  river  and 
fastened  at  each  shore.  From  this  cross-wire  anchor  wires  ran  up  stream  every  100 
feet.  The  anchor  wires  were  200  feet  long,  one  end  being  fast>ened  to  the  cross-wire 
and  the  other  to  a  large  stone  weighing  m>m  two  to  three  hundred  pounds.  When 
not  in  use,  this  wire  system  lay  at  the  bottom  of  the  river. 

The  electrioal-float  apparatus  used  was  rigged  in  the  following  manner:  Across  the 
stem  of  a  22  foot  skiff  is  bolted  an  outrigger  20  feet  long  and  five  inches  wide,  which 
is  graduated  to  feet.  From  the  extremities  of  this  outrigger  two  wires,  each  100 
feet  long,  supported  on  battens.  traU  down  stream,  and  to  thdr  lower  ends  is  attached 
another  similar  strip  supported  on  three  buoys;  tne  upper  and  lower  strips,  together 
with  the  two  side  wires,  forming  a  parallelogram  20  by  100  feet.  On  the  up-stream 
face  of  the  lower  outrigger  is  fastened  a  strip  of  sheet  copper  one  inch  wide  extending 
the  whole  length  of  the  board.  In  front  of  the  above  copper  strip  is  stretched  a  sim- 
ilar copper  band,  supported  at  each  end  on  wooden  bridges. 

The  strip  of  copper  which  is  fastened  to  the  face  of  tiie  lower  outrigger  is  con- 
nected with  an  insulated  wire  running  along  one  of  the  wires  forming  the  parallelo- 
gram, and  the  copper  band  in  front  of  the  strip  is  connected  with  a  similar  insulated 
wire  running  along  the  other  wire  of  the  parallelogram.  The  two  insulated  wires 
lead  into  the  upper  skiff,  where  they  are  connected  with  a  battery  and  electric  bell. 
At  the  middle  of  the  lower  outrigger  is  attached  a  skiff  used  in  catching  the  floats. 
The  rods  used  were  cylindrical  in  shape,  li  inches  in  diameter  and  from  3  to  25  feet 
in  length.  To  the  bottom  of  the  rods  were  attached  tin  cans  of  the  same  diameter  as 
the  rods  and  from  12  to  30  inches  long.  These  cans  were  filled  with  shot,  thus  erabl- 
i  ng  the  rods  to  float  in  an  upright  position.  A  discharge  with  the  float  apparatus 
was  taken  in  the  following  manner:  The  apparatus  having  been  gotten  retuly,  the 
shore-end  of  the  cross- wire  was  raised  and  put  over  the  bow  of  the  upper  skiff,  where 
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it  ran  over  a  wheel.  The  whole  apparatus,  consistins  of  upper  skiff,  side  lines,  and 
lower  skiff,  was  then  moved^  ftlong  the  cross- wire.  At  every  25  feet  halt  was  made 
and  a  sounding  taken.  When  a  yelocity  station  was  reached,  which  was  every 
hundred  feet,  being  also  where  one  of  the  anchor  wires  ran  up  stream,  the  skiff  was 
made  fast  and  velocity  observations  taken  in  the  following  manner:  A  rod  float  was 
taken  and  weighted  so  as  to  run  as  near  as  possible,  without  touching,  to  the  bottom, 
and  allow  from  one  to  two  feet  proiecting  above  the  surface  of  the  river.  It  was  then 
put  into  the  water  at  the  head  of  the  skiff  and  allowed  to  float,  and  as  it  passed  under 
the  upper  outrigger  a  stop-watch  was  started.  At  the  instant  the  float  struck  the 
lower  outrigger  the  stop-watch  was  sto|)ped  and  the  time  taken.  The  striking  of  the 
float  was  announced  in  the  upper  skift  by  means  of  the  electric  bell,  a  circuit  being 
formed  by  means  of  the  two  copper  strips  on  the  lower  outrigger  coming  in  contact 
when  the  float  struck  it.  Both  outriggers  were  graduated  m>ra  1  to  20  feet,  and  as 
a  float  passed  under  the  upper  one,  the  number  under  which  it  passed  was  noted, 
likewise  the  number  on  the  lower  outrigger  where  it  struck  was  noted.  If  the  num- 
bers were  the  same,  the  distance  traveled  by  the  float  was  100  feet,  the  path  of  the 
float  being  parallel  to  the  sides  of  the  rectangle.  .  If  the  direction  of  the  float  >vas 
either  to  one  side  or  the  other,  the  departure  was  denoted  by  the  difference  of  the  two 
readings,  on  the  upper  and  lower  outrigger,  and  the  distanoe  traveled  by  the  float 
computed.  After  a  sufiicient  number  of  float«  had  been  run  at  a  station,  the  whole 
apparatus  was  moved  along  the  wire  to  the  next  station,  100  feet  distant,  a^A  the  vel- 
ocity observations  repeated,  halt  having  been  made  every  25  feet  to  take  a  sounding. 
The  above  observations  were  repeated  at  each  successive  station  until  the  other  side 
of  the  river  was  reached. 

During  the  time  that  the  river  was  frozen  over,  the  current  observations  for  the 
discharge  were  taken  with  a  cnrrent-meter.  Holes  were  cut  throneh  the  ice  every  25 
feet,  covering  the  whole  width  of  the  river.  Through  the  holes  soundings  and 
velocity  observations  were  taken.  The  velocity  stations  were  100  feet  apart  and  in 
the  same  places  as  before,  i.  e.,  when  the  float  apparatus  was  used.  The  apparatus 
used  tor  tne  current  observations  consisted  of  a  modified  Ellis  meter,  an  electrical 
battery  of  two  cells,  an  electric  register,  a  stop-watch,  a  mushroom  anchor,  tqwhich 
is  attached  a  ^inch  wire  rope  on  which  the  meter  was  let  up  and  down,  and  75  feet 
of  insulated  copper  wire.  In  taking  velocity  observations  through  holes  cut  in  the 
ice,  the  meter  was  let  down  on  a  vertical  wire;  this  vertical  wire  was  held  on  the 
bottom  of  the  river  by  means  of  a  mushroom  anchor,  the  upper  end  being  fastened 
to  a  stake  in  the  ice.  The  meter  was  let  down  by  means  of  a  wire  around  which  was 
twisted  the  insulated  wires,  forming  the  circuit  between  the  meter  and  the  battery 
and  register.  Mid-depth  velocities  were  taken  by  letting  the  meter  down  to  the  re- 
quired depth  and  allowing  it  to  run  from  three  to  five  minutes,  the  number  of  revo- 
lutions as  recorded  by  the  register  being  put  down  at  the  end  of  each  minute. 

Integrated  velocities  were  taken  by  moving  the  meter  at  a  continuous  uniform  rate 
from  top  to  bottom  and  back  to  surface,  time  and  number  of  revolutions  being  re- 
corded at  starting,  arrival  at  bottom,  and  return  to  surface.  The  meter  was  rated  at 
beginning  and  tested  several  times  during  the  period  that  the  meter  was  used. 

Slop^gauget, — ^The  slope-gauges  were  read  on  71  different  days,  extending  fh>m  June 
11,  It^,  to  October  12,  IftfSl.  The  slope-jrau^es  had  been  erected  the  previous  Novem- 
ber, but  were  continually  knocked  out  oy  ice  and  lumber  rafts.  After  June  11  no 
trouble  was  experienced.  The  gauges,  9  in  number,  were  placed  on  the  Illinois  sido 
of  the  river,  4  above  and  4  below  the  discharge-section,  the  remaining  one  being  on 
the  discharge- section.    They  were  set  by  means  of  a  level,  and  were  frequently  tested. 

The  horizontal  distance  between  each  gauge  was  500  feet,  embracing  in  all  4,000 
feet  of  the  river. 

The  gauges  used  were  of  the  vertical  type,  graduated  to  feet  and  tenths,  and  the 
readings  estimated  to  hundredths.  They  were  read  as  near  simultaneously  as  possi- 
ble, the  entire  party  being  distributed  along  the  line,  reading  the  gauges  at  a  given 
signal. 

Sediment, — Sediment  was  taken  73  times  at  various  intervals  from  December  3, 
1860^  to  Ootober  12,  1881,  the  intervals  depending  on  the  turbidity  of  the  river. 
During  high  stages  the  observations  were  taxen  daily,  and  during  lower  stages,  when 
the  river  contained  little  or  no  sediment,  once  a  week.  In  taking  sediment,  the  section 
was  divided  into  8  equi-distant  stations.  At  each  station  6  samples  of  2  ounces  of 
water  were  taken  by  means  of  the  slip-bottle,  two  samples  from  the  surface,  two  from 
mid-depth,  and  two  from  the  bottom.  The  samples  of  water  were  put  in  bottles  and 
sent  to  the  Saint  Louis  ofiice,  where  they  were  analyzed  and  the  amount  of  sediment 
determined.  • 

Dredging. — Prom  January  5,  1881,  to  October  14,  thirty-nine  consecutive  sets  of 
dredging  were  takeu  to  determine  the  change  in  the  material  composing  the  bottom 
of  the  river  at  the  section.  The  section  tras  dredged  once  a  week.  Specimens  of  the 
bottom  of  the  river  were  taken  from  seven  different  points  in  the  section  at  each 
dredging  from  January  5  to  March  7. 
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From  March  24  to  October  14  nine  different  points  in  the  section  were  taken,  two 
more  stations  being  added  on  the  Illinois  side  of  the  river. 

From  January  5  to  March  7,  the  ilredginffs  were  made  through  holes  cut  in  the  ice  in 
the  manner  described  below.  I<Yom  Mar^  24  to  October  14,  the  dredging  was  done 
from  a  skiff,  by  means  of  a  canvas  bag  snrronnding  an  iron  frame,  to  which  a  rope 
was  attached. 

The  stations  used,  with  the  addition  of  the  two  mentioned  above,  were  the  same  aa 
previoos  dredgings. 

A  specimen  of  the  bottom  of  the  river  obtained  by  each  dredging  was  kept,  dried, 
and  analysed. 

The  specimens,  324  in  number,  put  in  tin  boxes  and  labeled,  were  forwarded  to  Saint 
Louis,  Mo.  The  specimens  were  analyzed  in  the  field,  and  the  results,  in  tabular  form,, 
comprising  39 sheets,  forwarded.  When  dredging  through  holes  in  the  ice  the  following- 
described  dredge  was  found  to  answer  the  purpose.  It  consisted  of  a  cylinder  of 
sheet-iron  18  inches  long  and  6  inches  in  diameter,  open  at  one  end  and  closed  at  the 
other.  A  strip  of  wrought  iron  1  by  ^  by  20  inches  was  riveted  to  the  outside  (length- 
wise) of  the  cylinder,  and  allowed  to  proieot  a  few  inches  beyond  the  open  end.  Ti> 
this  strip  was  screwed  a  rod  made  of  half-inch  gas-pipe.  The  rod  was  composed  of 
sections,  each  7  feet  long,  with  gas-pipe  couplings  for  screwing  together,  thereby  per- 
mitting the  rod  to  be  lengthened  or  shortened,  as  the  depth  reqnirod. 

The  section  nearest  the  cylinder  was  bent  upwards  at  an  angle  of  about  130^,  allow- 
ing the  cylinder  to  be  pulled  along  the  bottom,  scooping  up  the  material.  The  dredgo 
was  let  into  the  water-cylinder— end  down  stream.  In  pulling  it  up  to  the  surface, 
the  cylinder  assumed  a  perpendicular  position,  thereby  enabling  the  material  from  the 
bottom  to  be  brought  up  without  undergoing  any  change  by  having  the  smaller  par- 
ticles washed  out.  The  dredge  was  found  to  work  without  fail  every  time  and  at  all 
depths  in  the  section. 

Very  respectfully,  your  obedient  servant, 

HOMEB  P.  BITTEB, 

Aiiiatani  JSmgktter^ 

First  Lieut.  Smith  S.  Lxach, 
Seoretary  Mi$$i$9ippi  Birer 


8.— At  Qrafton,  III.,  J.  H.  Davis,  Assistaiit  ik  Gharok. 

(VOTB.— Reralts  in  Baport  of  Conuiiiaaiim  for  18S8,  page  142.) 

Office  Mississippi  Bivbr  Commission, 

^oifit  LouiSf  Mq.,  July  13, 1M83. 

Sir  :  I  have  the  honor  to  submit  the  following  report,  on  the  observations  at  Graf- 
ton, Illinois,  miwle  from  October  15,  1880,  to  October  S5,  1881. 

The  scene  of  operations  was  reached  by  the  assistant  abont  the  middle  of  October. 
There  was  neither  material  nor  assistance  at  hand,  so  that  little  more  than  looating^ 
could  be  done  during  the  first  week.  Upon  the  arrival  of  two  boatmen,  a  reconnais- 
sance of  the  most  favorable  portion  of  the  river  was  made,  for  the  purpose  of  locating 
a  gauging  section.  Upon  the  arrival  of  C.  L.  Harrison,  recorder,  the  party  was  com- 
plete, consisting  of  assistant,  recorder,  and  two  boatmen.  There  was  a  good  deal  of 
preliminary  work  to  be  done  in  putting  up  gauges,  consli^ncting  plant,  putting  in 
anchorage,  laying  off  ranges  ana  putting  up  signals.  Owing  to  the  fact  that  no 
instruments  were  furnished,  and  the  material  and  tools  were  delayed,  much  time 
was  lost  unnecessarily  in  this  work.  Most  of  it  had .  to  be  done  with  borrowed 
ntonsils.  Finally,  on  the  13th  of  November,  the  preparations  had  advanced  soffi- 
dently  to  measure  a  discharge  by  the  method  of  plant  set  forth  in  the  instmotions. 

The  serial  work  consisted  of— 

Ist.  Discharge  observations. 

8d.  Sediment  observations. 

3d.  Dredging  observations. 

4th.  Slope  oDservations. 

5th.  Determining  vertical  velocity  curves. 
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STATEMENT. 

The  discharge  observations  were  made  daily,  when  praeticabie,  Sanday  excepted.. 
Durinf^  the  year  191  discharges  were  measured.  They  were  dietribatedi  oy  method^, 
as  follows : 

By  doable  floats,  located  with  transit 80* 

By  rod  floats,  located  with  transit 25 

By  doable  floats,  with  plant 6^ 

By  rod  floats,  with  plant 39^ 

By  doable  floats,  not  located 25 

By  current  meter  .^ 15 

Total 191 

The  sediment  observations  were  very  irregnlar  in  the  early  part  of  the  season. 
Soon  after  the  work  beffan,  the  boats  stopped  running  on  account  of  ice,  and  did  no# 
resome  until  March.  During  this  period  there  was  no  way  of  forwarding  specimens^ 
and  so  none  were  taken.  After  the  b#ats  commenced  running  again,  sMiment  was 
taken  daily,  with  few  exceptions,  until  August,  when  it  was  taken  weekly.  Several 
omissions  occurred  on  account  of  the  shipping-boxes  not  being  promptly  returned. 
Baring  the  yeap  98  sets  of  samples  were  taken  and  forwarded  to  tbe  office. 

The  dredgiogs  were  taken  monthly,  after  and  inclndinff  March.  The  instructions 
to  take  them  were  not  received  till  late  in  December,  and  it  was  impossible  to  obtain 
samples  during  the  months  of  JanuaxQr  and  February.  Ten  sets  of  specimens  were 
taken  and  fofwarded  to  the  office. 

The  slope  observations  were  made  daily  when  more  important  work  did  not  oooui^y 
the  full  time.  A  large  number  of  the  observations  were  rendered  w<Arthless  by  the 
gauges  being  destroyed  before  a  level  was  obtained  with  which  to  connect  tnenik 
About  125  sets  of  serviceable  observations  were  made. 

The  vertical  velocity  observations  were  made  with  the  meter  during  the  ice  periock 
During  the  month  of  January  119  curves  were  determined  at  13  dilFeient  stations 
across  the  river. 

DUeharge  obderfMii<m». — ^As  already  stated,  the  first  discharge  was  taken  on  Novem- 
ber 13 ;  another  was  taken  on  the  15th,  both  being  by  the  plant  method.  On  the  16tb 
of  November  the  ice  commenced  to  flow  in  large  quantities,  and  from  that  date  till 
March  7  the  river  was  not  clear  of  it. 

Alter  a  few  da^fs  of  running  ice  the  river  blocked,  but  did  not  freeze  oyer.  For 
several  weeks  there  were  immense  fields  of  ice  that  covered  more  than  half  the  river^ 
but  were  not  solid  enough  to  work  upon.  This  continued  through  December,  during 
which  time  it  was  impossible  to  measure  discharges.  As  soon  as  the  river  became 
solid  in  January,  the  meter  was  brought  into  immediate  use.  The  ice  remained  solid 
till  the  2d  of  February,  and  the  m<4er  was  employed  up  to  that  time :  there  were  a 
few  omissions  owing  to  repairs  needed  on  the  instrument.  Although  tne  ice  becams 
too  weak  for  further  work  dpon  it  early  in  February,  it  did  not  break  away  till  the 
last  of  the  month.  Meanwhile  no  discharges  could  be  measured.  As  soon  as  the  ice 
eommenced  to  flow,  discharges  were  taken  by  timing  ice  chunks^  a  few  floats  being 
ran  where  a  skiff  could  be  handled.  The  distances  were  all  estimated  by  guess. 
After  the  ice  stopped  running,  the  use  of  double  floats  was  continued  until  a  new  an- 
chorage could  be  put  in  and  arrangements  made  for  using  the  plant ;  during  March 
and  April,  twenty-six  sets  of  observations  were  made  in  this  way.  On  the  5th  of 
April  the  anchorage  was  completed  and  the  original  method  by  plant  resumed.  By 
this  time  the  river  was  becoming  very  high.  After  five  sets  of  observations  were 
made  with  the  plant  the  anchorage  was  swept  away  by  the  swelling  volume  of  water- 
Repeated  efforts  were  made  to  replace  it.  Several  wires  were  stretched  across  the 
river,  but  were  broken  before  being  used ;  some  of  the  breaks  were  occasioned  by 
logs  catching  on  them  near  shore.  Finally,  upon  witoessing  the  wire  break  in  mid- 
stream from  the  force  of  the  current  alone,  all  efforts  to  keep  it  in  were  abandoned. 
Upon  an  urgent  request  a  transit  was  furnished  the  party^  and  on  April  16  the  first 
set  of  observations  was  made  with  double  floats  located  from  shore.  This  method 
was  kept  up  till  the  middle  of  July,  ninety-one  discharges  having  been  taken  in  this 
way. 

About  the  middle  of  July,  free  rods  were  substituted  for  double  floats,  the  river  thea 
being  low  enough  to  handle  them  conveniently.  This  was  not  practicable  in  high 
water,  with  a  skiff  party  of  only  two  boatmen,  who  had  to  manage  the  skiff,  hanalci 
tbe  floats,  take  ana  record  the  soundings.  Free  rods  were  usea  and  located  with 
transit  until  August,  25  discharges  being  taken.  On  the  19th  of  August  the  plant 
method  was  resumed,  the  river  bavin j^  become  sufficiently  low  to  make  it  practicable. 
Sods  were  now  used  exclusively.  This  method  was  kept  up  till  the  4th  of  October, 
thirty-eight  dischaiges  having  been  taken.    By  the  1st  of  October  the  river  had  agaiu 
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risen  bank  full,  and  as  a  result  the  anchorage  was  again  carried  away.  Several  on- 
nuocessful  attempts  were  made  to  put  in  a  new  ooe.  At  this  time  the  party  con- 
sisted of  an  assistant  and  two  boatmen,  the  recorder  having  been  assigned  to  other 
duties.  After  spending  nearly  two  weeks  in  trying  to  put  in  a  new  anchorage,  it  was 
considered  useless  to  make  any  further  effort  until  the  river  should  fall. 

The  party  was  now  too  small  to  resume  any  of  the  other  methods  employed,  so  it 
was  decided  to  occupy  the  time  in  running  some  additional  levels  to  check  the  slope 
gauges,  and  to  connect  the  daily  gauge  with  a  precise  level  bench. 

On  the  I5th  of  October,  instructions  were  received  to  close  the  work  on  the  25th  of 
October,  and  report  at  the  office  at  the  earliest  convenience. 

Description  of  methods  employed  in  discharge  measurements.' 

1st.  By  plant, — ^The  method  described  in  your  report  contained  in  the  progress  re- 
port of  the  Commission  for  1882^  was  not  material  ly  departed  from.  In  case  of  an 
Qp-stream  or  cross-stream  wiqd,  it  was  fonnd  necessary  to  drop  a  small  anchor  at  the 
stem  of  the  lower  skiff,  in  order  to  keep  the  side  wires  stretched.  The  immersion  of 
rod  required  at  each  station  was  determined  by  longitudinal  soundings  made  about 
three  times  a  week. 

2d.  By  double  floats, — ^They  were  located  instmmentally  on  two  ranges  100  feet 
apart.  The  angles  were  taken  with  a  transit  stationed  at  the  end  of  a  940-foot  base. 
Telegraphic  signals  were  given  at  the  time  of  the  floats  crossing  t)ie  ranges.  The  ' 
observer  determined  when  the  float  reached  the  range,  by  sighting  across  a  vertical 
wire  kept  in  line  with  a  signal  on  the  opposite  side  of  the  nver.  A  pair  of  binocu- 
lars was  ased  to  enable  him  to  see  the  float  distinctly ;  the  wire  and  signal  could  also 
be  seen  at  the  same  time.  The  observer  that  save  signals  also  timed  the  float  with 
a  stop-watch.  Soundings  were  taken  upon  each  of  the  ranges  by  one  of  the  boatmen, 
who  also  acted  as  recorder.  The  boatmen  also  manipulated  the  floats.  The  skiff 
was  kept  directly  behind  the  float,  and  the  soundings  were  taken  in  its  path. 

In  the  observations  made  without  the  use  of  a  transit,  the  distance  of  the  float 
from  shore  was  estimated  by  guess  by  an  observer  in  the  skiff.  Only  four  or  five 
points  in  the  section  were  estimated  in  this  wa.v,  the  others  being  interpolated.  A 
surprising  degree  of  accuracy  was  attained  in  this  way,  as  shown  by  the  regular 
increase  of  the  water  area  for  that  period,  from  the  first  of  March  to  the  middle  of 
April.  The  velocities,  depending  to  considerable  extent  upon  the  corresponding 
stflge  of  the  Missouri  River,  do  not  increase  so  regularly. 

3d.  ^3^  the  current  meter, — ^This  method  was  employed  when  the  river  was  firosen 
over.  Twelve  stations  were  located  at  equal  intervals  across  the  river.  At  each 
station  a  hole  was  cut  in  the  ice  sufficiently  large  for  lowering  the  meter  and  the 
accompanying  apparatus.  The  meter  vras  clamps  to  a  foot-piece  that  worked  on  a 
standing  wire  attached  to  a  weight  that  rested  on  the  bottom.  The  meter  was  low- 
ered on  the  wire  by  means  of  a  oord,  graduated  so  that  any  desired  depth  could  be 
leached.  The  greatest  river  depth  at  that  time  was  about  14  feet,  so  that  the  meter 
could  be  lowered  to  the  bottom  with  perfect  ease.  At  each  of  the  stations  the  work 
consisted  of  velocities  at  mid-depth  and  by  intonation,  and  also  at  all  depths,  when 
it  was  desired  to  take  a  vertical  curve.  At  mid-depth  the  meter  was  run  several 
minutes,  being  timed  fbr  each  minute  separately.  The  integration  was  taken  from 
the  surface  to  the  bottom  and  return.  In  this  the  time  and  revolutions  of  the  meter 
were  taken  at  the  bottom  without  stopping  the  motion  of  the  meter.  A  uniform 
movement  was  maintained  during  the  integrations  by  letting  out  and  taking  in  the 
cord  regularly  by  hand.  It  was  impossible  to  use  a  reel  for  wis  purpose  on  aocoant 
of  the  oord  becoming  frozen  soon  after  reaching  the  surface.  To  prevent  the  meter 
from  becoming  covered  with  ice  when  changing  stations,  it  was  immersed  in  a  tub  , 

of  water.    The  adjustments  had  to  be  made  under  water.  ' 

Bating. — ^The  meter  was  rated  in  the  followinff  manner :  A  longitudinal  cut  a  foot 
wide  and  about  150  feet  in  length  was  made  in  tiie  ice  of  a  pond  containing  water  1^ 
to  2  feet  in  depth.  The  meter  was  damped  to  an  iron  rod,  secured  in  a  vertical  posi- 
tion at  the  front  end  of  a  sled  that  was  made  to  run  astride  the  longitudinal  opening. 
Two  flanges  were  placed  inside  of  the  runners  and  made  to  move  along  the  opening 
to  prevent  the  sled  from  turning  either  to  the  right  or  left.  A  uniform  movement  of 
the  sled  was  obtained  by  pushing  it,  the  men  taking  even  steps  meanwhile.  The  meter 
being  clamped  on  the  rod  was  immersed  to  a  depth  of  about  1  foot.  That  was  con- 
sidered sufficient,  as  there  was  little  disturbance  of  the  surface  water  during  the  ope- 
ration. The  meter  was  timed  over  a  distance  of  100  or  125  feet.  A  rating  consisted 
of  from  20  to  90  observations,  the  rates  varying  from  i  to  8  feet  per  second.  During 
the  use  of  the  meter  there  were  5  ratings  made. 

Sediment  obsertfations.—SBmplea  were  taken  at  8  points  on  the  gauging  section.  They 
were  taken  at  the  surface,  at  mid-depth,  and  near  the  bottom.  These  were  combined 
vertically  and  horizontally.    The  vortical  combination  for  any  station  contained  two  % 

ounces  at  each  depth  placed  in  one  bottle.    Eight  bottles  were  thus  required  for  one  | 
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day's  ttamples.  In  the  horizontal  combination,  two  onuces  of  each  of  the  surface 
samples  were  placed  in  one  bottle,  two  onnces  of  each  of  the  mid-depth  samples  were 
placed  in  a  second  bottle,  and  two  onnces  of  each  of  the  bottom  samples  were  placed 
in  a  third  bottle.  Three  bottles  were  thas  required  for  a  day's  samples.  The  bottlea 
containing  the  samples  were  sealed,  properly  labeled,  and  forwarded  to  the  office  at 
regolar  intervals.    The  analysis  was  made  nnder  yonr  supervision. 

Dredgmg  o&Mrra^um«. —The  samples  were  taken  with  a  bucket  designed  and  con- 
stmoted  during  the  progress  of  the  work.  It  was  of  the  following  construction : 
Two  of  its  faces  were  trapezoids,  the  remaining  four  being  rectangles.  The  bottom 
was  considerably  enlarged  in  one  direction.  The  height  was  about  one  imd  a  half 
times  any  other  dimension.  The  bucket  had  a  bail  and  a  hinged  lid,  so  connected 
that  the  lid  was  closed  when  the  bucket  hung  vertically.  Upon  inclining  the  bucket 
the  lid  was  thrown  open.  The  bucket  was  so  balanced  that  when  empty  it  hung  at 
an  angle,  the  lid  being  open.  Upon  filling  iU  with  any  heavy  material  a  vertical 
I>OBition  was  assumed,  the  lid  then  ^ing'  closed.  There  was  also  a  strip  of  iron 
riveted  across  the  bottom,  that  caused  the  bucket  to  fall  forward  upon  reaching;  the 
bottom.  In  this  position  it  was  easily  filled.  Upon  lifting  it  up  a  vertical  position 
was  assumed,  the  iid  closed,  and  the  sample  preserved.  The  bucket  was  made  water- 
tight so  as  to  hold  the  finest  material.  The  bucket  was  lowered  while  drifting,  and 
filled  by  rowing  a  few  strokes  down-stream.  The  boat  was  then  held  up  somewhat 
by  backing,  until  the  bucket  was  brought  to  the  surface.  The  apparatus  worked 
with  entire  satisfaction.  The  samples  were  taken  at  six  stations,  distributed  at 
equal  intervals  across  the  river;  from  1  to  2  pinta  were  preserved.  They  were  placed 
in  tin  cans,  which  were  carefully  closed,  packed  in  a  large  box  and  forwarded  to  the 
office.    No  analysis  was  made  of  them  in  the  field  for  want  of  a  miscroeoope. 

SU^  obBervaiiimB. — The  method  of  obtaining  slope  was  by  making  simultaneous 
readings  on  a  series  of  gauges,  erected  at  regular  intervals  along  shore.  For  this 
purpose,  9  gauges  were  erected  500  feet  apart,  extending  for  a  distance  of  9,000  feet 
above  and  below  the  gauging  section.  The  gauges  were  graduated  to  half  tenths  of 
a  foot,  and  by  means  of  a  vernier  could  be  read  to  thousandths,  approximately.  In 
taking  the  readings,  a  box  was  placed  around  the  gange,  that  extended  about  2  feet 
below  the  surface.  The  water  was  admitted  through  a  small  aperture  in  the  bottom, 
of  the  box.  In  this  way,  surface  waves  were  kept  away  from  the  gauge  while  being 
read.  In  reading  the  gauges,  the  force  was  divided  into  two  parties,  each  one  having 
a  skiff.  One  party  went  to  the  upper  gauge.  A,  and  the  other  to  the  middle  gauge, 
E.  Upon  a  signal  passing,  both  parties  commenced,  and  read  down-stream  as  rapidly 
as  possible.  Gauge  E  was  read  a  second  time  by  the  upper  party  upon  reaching  it. 
Having  been  read  at  starting  by  the  lower  party,  any  change  tnat  had  occurred  could 
be  detected,  and  corrections  made  accordingly  on  lul  the  readings.  Unfortunately, 
a  good  deal  of  work  in  this  connection  was  lost,  on  account  of  having  no  level  tOl 
late  in  the  summer.  All  the  gauges  that  had  been  read  previous  to  March  17  were 
destroyed  by  ice,  no  connection  having  been  made.  These  were  on  i  he  Illinois  shore. 
A  new  set  was  erected  on  the  Missouri  shore  about  March  17.  A  great  number  of 
gauges  had  to  be  pot  in  at  each  station  as  the  river  went  down.  When  a  new  one 
was  put  up,  it  was  checked  by  the  one  previously  in  use.  In  this  way  a  continuous 
set  of  gauge  readings  was  obtained  at  most  of  the  stations,  until  a  level  was  received 
about  July  15,  and  connection  made.  However,  many  of  the  gau^e  rods  were 
slighthr  disturbed,  at  times,  by  caving  banks  and  floating  logs.  For  this  reason,  the 
slope  for  short  reaches  cannot  be  implicitly  relied  on  in  all  cases.  The  slope  for  the 
whole  reach  will  be  found  more  reliable,  as  the  errors  are  not  large  enough  to  mate, 
rially  affect  the  total  fall. 

Ver^eal  velocity  curves. — These  were  taken  with  the  meter,  during  the  ice  season, 
and  in  connection  with  the  discharge  work.  The  velocities  were  obtained  by  taking 
minute  observations,  at  points  one  foot  apart,  firom  the  surface  to  the  bottom.  The 
highest  point  was  taken  Just  below  the  under  surface  of  the  ice.  The  lowest  point 
was  about  one  foot  firom  the  bottom.  The  meter  was  lowered  as  in  the  discharge  i 
work,  the  immersion  being  obtained  from  the  graduation  of  the  lowering  cord. 
Cnrvea  were  taken  at  eacn  of  the  twelve  stations  used  in  measuring  discharges. 
Three  curves  were  taken  at  a  station  located  in  deeper  water  than  any  found  on"  the 
discharge  section. 

REMARKS. 

After  the  observations  were  fairly  begun  in  Januaxy,  the  greater  part  of  the  time 
of  both  assistant  and  recorder  was  required  in  the  field.  All  the  spare  time  was 
occupied  in  computing  velocities  and  discharges.  With  the  exception  of  about  two 
weeks,  when  the  assistant  was  away,  the  velocities  were  computed  m  the  field.  About 
70  discharges  were  also  computed.  The  remainder  of  the  computations,  the  tabula- 
tion and  plotting,  were  done  in  the  office  under  your  immediate  supervision.  During 
the  latter  part  oT  November,  and  nearly  the  whole  of  December,  no  field  work  could 
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be  done  except  to  atteud  to  the  8lo}>e  gauges.  The  remainder  of  the  time  of  the  aaeist- 
ant  and  recorder  was  occupied  in  computing  some  tables  for  redncinff  yelocities. 
In  this  way  much  time  was  saved  in  the  computations  made  during  toe  working 
season.  Mr.  C.  L.  Harrison^  recorder,  was  an  ablie  and  reliable  assistant.  During  my 
leave  of  absence,  extending  from  the  12th  to  the  29th  of  September,  he  was  In  full 
charge  of  the  observations,  and  executed  1  be  work  with  entire  satisfaction.  The  as- 
sistant labored  under  great  disadvantages,  owing  to  the  location  of  the  station.  It 
was  frequently  impracticable  to  carry  out  the  instructions.  '  In  this  case,  the  method 
was  pursued  that  seemed,  in  the  judgment  of  the  assistant,  best  adapted  to  the  cir- 
cumstances. 

Respectfully  submitted. 

J.  H.  DAVIS, 

Assistant  Engineer. 

Pirst  Lieut.  Smith  S.  Leacu, 

Secretary  MississipjH  Eiver  Commission, 


9.— Pbobabub  Discharoxs  of  thb  Mississippi  Rivbb  at  Various  Points,  Durinq 

TUX  Ybabs  1681  Ai7D  1882. 

Tahle  showing  daily  discharge  of  the  Mississippi  Biver  at  Presoottf  fFt«.,  January  1»  1882, 

to  January  1, 1883. 

(Computed  from  the  gauge  readings  by  a  fonnuU  deduced  from  dJAcharge  observAtlona  at  the  wune 

point  in  1881.] 

KOTB.— As  The  Preeoott  gauge  was  not  read  in  1882,  the  gauge  readlnee  at  Hastings,  Minn.  (3  miles 
abore  Preeoott),  were  taken,  uter  oorreotiona  for  slope  ana  ohinges  of  w>pe. 


Date. 

Gauge. 

Biaoharge 
in  1,000^ 
oubio  tter 
per  second. 

1 
Date. 

1 

GkHige. 

Diacharge 

in  1,000 

cubic  feet 

per  second. 

1 

1                » 

Date. 

Gauge. 

Discharge 

in  1.000 
cubic  feet 
perseotflid. 

1882. 

1882. 

1888. 

Jan.     1 

180.8 

18 

F^b.  15 

180.4 

17 

Apr.     1 

184.2 

38 

2 

180.8 

18 

16 

180.4 

17 

2 

184.7 

85 

8 

181.0 

18 

17 

180.4 

17 

3 

185.2 

87 

4 

18L2 

10 

18 

180.5 

17 

4 

185.7 

39 

5 

18L4 

20 

18 

18a  5 

17 

5 

186.2 

42 

« 

181.5 

20 

20 

180.5 

17 

6 

186.7 

46 

7 

181.6 

21 

21 

180.6 

17 

7 

187.2 

50 

8 

181.7 

21 

22 

180.6 

17 

8 

187.7 

54 

8 

181.0 

28 

23 

180.7 

18 

9 

188  2 

50 

10 

18L8 

22 

24 

180.7 

18 

10 

188.7 

68 

11 

18L8 

22 

25 

isao 

17 

11 

188.2 

66 

18 

181.7 

21 

26 

180.5 

17 

12 

188.7 

78 

18 

181.6 

21 

27 

18a4 

17 

13 

190.3 

80 

14 

181.7 

21 

28 

180.5 

17 

14 

190  2 

79 

15 

181.7 

21 

Mar.    1 

180.5 

17 

15 

190.1 

78 

16 

181.7 

21 

2 

180.8 

18 

16 

188.9 

78 

17 

181.7 

21 

8 

181.3 

20 

17 

188.8 

74 

18 

18L6 

21 

4 

181.8 

22 

18 

189.7 

78 

18 

181.6 

21 

5 

182.2 

24 

19 

189.6 

72 

20 

181.6 

21 

6 

182.7 

25 

20 

189.6 

72 

21 

18L6 

21 

7. 

188.2 

28 

21 

189.5 

71 

22 

181.6 

21 

6 

183.2 

28 

22 

189.4 

76 

28 

181.5 

20 

0 

188.2 

28 

28 

189.3 

69 

24 

1H1.4 

20 

10 

183.1 

27 

24 

189.2 

66 

25 

181.8 

20 

U 

188.0 

27 

25 

189.1 

67 

26 

181.4 

20 

12 

182.8 

26 

26 

189.1 

67 

27 

18L5 

20 

13 

182.7 

25 

27 

189.0 

66 

28 

18L4 

20 

14 

182.6 

25 

28 

189.0 

60 

28 

18L8 

20 

15 

182.4 

24 

29 

189.0 

66 

80 

181.8 

20 

16 

182.2 

24 

30 

188.9 

65 

18L2 

18 

17 

182.1 

23 

May    1 

18&6 

61 

Feb.     1 

181.2 

10 

18 

182.1 

23 

2 

188. 5 

02 

181.2 

18 

18 

182.1 

28 ; 

3 

188.3 

60 

18L1 

10 

20 

182.1 

23 

4 

18a  2 

90 

181.0 

18 

21 

182.2 

24 

5 

188.0 

57 

180.0 

16 

22 

182  2 

24 

6 

187.8 

65 

IRO.O 

18 

28 

182.1 

23  j 

7 

187.6 

S3 

180.8 

18 

24 

182.2 

24  1 

8 

187.4 

58 

180.8 

18 

25 

182.8 

24  I 

9 

187.2 

SO 

180.7 

18 

26 

182.8 

241 

10 

187.4 

52 

180.7 

18 

27 

182.4 

24 

11 

187.6 

68» 

180.6 

17 

28 

182.7 

25 

12 

188.1 

56 

180.6 

17 

28 

183.1 

27  ■ 

13 

188.6 

68 

180.5 

17 

80 

183.4 

28  ; 

14 

189.2 

68 

180.5 

17 

31 

183.8 

30  : 

15 

189.8 

74 
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TahU  $hoving  daily  discharge  of  the  MUeissippi  Eiver  at  Presoott,  ^t«.— Continued. 


Bftte. 

Oaage. 

DiiMsharge 

in  1,000 
cabio  feet 
pereeoond. 

Date. 

Gauge. 

Dlaeharce  : 

in  1,000 
onbio  feet  - 
per  second.  • 

Date. 

QtMge. 

Dlaolkann 

in  1,000 
cabio  ibet 
per  second. 

m 

1882. 

1 

1882. 

Mkj  U 

189.7 

73 

Aug.    1 

183.1 

27 

Oct    17 

179.5 

18 

17 

189.0 

72 

2 

188.0 

27 

18 

179.5 

18 

16 

1W.4 

70 

3 

182.9 

26 

19 

179.5 

18 

19 

189.2 

68 

4 

182.9 

26 

20 

179.4 

18 

20 

189.0 

66 

5 

182.9 

26 

21 

179.2 

12 

21 

18&7 

68 

6 

182.7 

25 

22 

179.2 

12 

22 

188.5 

62 

7 

182.5 

25 

28 

179.1 

U 

28 

18&8 

60 

8 

182.2 

24 

24 

179.0 

12 

24 

18a  8 

60 

9 

182.0 

28 

25 

17a  8 

11 

2S 

188.3 

60 

10 

181.8 

22 

26 

17a  8 

11 

7» 

18&8 

60 

11 

18L6 

.    21 

27 

17a  8 

11 

27 

188.8 

60 

12 

181.5 

20 

28 

17a  7 

10 

28 

18&2 

69 

18 

181.4 

20 

29 

17a  6 

10 

29 

iflao 

57 

14 

18L3 

20 

30 

i7a7 

10 

30 

188.9 

56 

15 

181.2 

19 

81 

nao 

11 

31 

187.7 

54 

16 

18L2 

19 

Not.    1 

17a  9 

11 

Jvate    1 

187.7 

54 

17 

181.1 

19 

2 

I7a9 

11 

2 

187.6 

53 

18 

18L0 

19 

8 

I7a9 

11 

3 

187.4 

52 

19 

180.9 

18 

4 

17a  7 

10 

4 

187.3 

61 

20 

180.8 

18 

5 

I7a6 

10 

5 

187.2 

50 

21 

180.7 

18 

6 

i7a7 

10 

6 

187.1 

50 

22 

181.0 

19 

7" 

i7a9 

10 

7 

187.0 

49 

28 

181.0 

19 

8 

17a  9 

11 

8 

18&7 

46 

24 

181.0 

19 

0 

178.9 

11 

9 

18&4 

43 

25 

180.9 

18 

10 

179.0 

11 

10 

186.2 

42 

26 

181.2 

19 

11 

179.2 

19 

11 

186.0 

41 

27 

181.6 

20 

12 

179.2 

12 

12 

185.7 

39 

28 

18L6 

21 

.        18 

179.1 

12 

18 

18&4 

38 

29 

161.7 

21 

'        14 

179.1 

12 

14 

185.2 

37 

80 

161.6 

21 

•         15 

179.0 

12 

15 

189wO 

86 

31 

161.5 

20 

16 

179.0 

18 

10 

184.7 

85 

Sept    1 

181.1 

17 

179.0 

12 

17 

184.5 

34 

2 

180.8 

18 

17a  9 

12 

18 

184.8 

33 

3 

160.6 

19 

17a  8 

11 

19* 

184.0 

32 

4 

189.2 

20 

17a  8 

11 

ao 

184.8 

33 

5 

179.8 

21 

17a  7 

U 

21 

184.4 

84 

6 

179.6 

22 

nao 

10 

22 

185.7 

3P 

7 

179.4 

S 

17a  4 

10 

28 

185.0 

86 

8 

179.2 

17a  8 

0 

24 

185.5 

88 

9 

179.0 

25 

17a  2 

9 

26 

180.0 

41 

10 

17&8 

26 

nao 

9 

20 

186.6 

45 

11 

178.6' 

lO 

27 

177.8 

9 

27 

187.1 

50 

12 

17a  5 

28 

177.5 

8 

28 

187.4 

58 

18 

17a3 

29 

177.3 

7 

29 

187.7 

54 

14 

17a  2 

30 

177.1 

7 

30 

187.7 

54 

15 

17a  1 

Deo.     1 

17a  9 

6 

Jaly    1 

187.7 

54 

16 

17a  0 

8 

17a  8 

9 

2 

187.7 

54 

17 

177.9 

8 

nao 

5 

8 

187.6 

53 

18 

177.8 

4 

nao 

5 

4 

187.6 

53 

19 

177.7 

5 

i7a6 

5 

5 

187.5 

53 

20 

177.6 

6 

i7a6 

*  5 

0 

187.8 

51 

21 

177.5 

7 

I7a5 

5 

7 

187.0 

49 

22 

177.4 

8 

I7a5 

5 

8 

188.9 

48 

23 

177.8 

9 

i7a4 

5 

9 

187.0 

49 

24 

177.3 

10 

i7a3 

5 

10 

187.0 

49 

25 

177.3 

11 

i7a2 

4 

11 

187.1 

50 

26 

177.2 

12 

i7a2 

4 

12 

187.2 

50 

27 

177.2 

13 

17a  2 

4 

18 

187.8 

51 

28 

177.2 

14 

i7a8 

4 

14 

186.9 

48 

29 

177.2 

16 

I7a2 

4 

16 

186.6 

45 

80 

177.2 

16 

I7a3 

5 

16 

186.8 

43 

Oct      1 

177.2 

!           17 

I7a4 

5 

17 

186.1 

41 

2 

177.2 

18 

nas 

6 

18 

186.7 

89 

3 

177.3 

!            19 

I7a6 

5 

19 

186.4 

38 

4 

177.3 

20 

i7a6 

6 

20 

185.1 

37 

5 

177.4 

21 

I7a6 

5 

21 

184.8 

85 

6 

177.4 

22 

nas 

6 

22 

184.5 

34 

7 

177.5 

1            » 

177.1 

7 

28 

184.2 

38 

8 

177.7 

!            24 

177.9 

9 

24 

118.9 

31 

9 

177.9 

25 

177.6 

8 

26 

188.7 

30 

10 

17a2 

I            ^ 

177.7 

8 

26 

188.6 

29 

11 

17a  5 
17a7 

«7 

177.8 

8 

27 

183.5 

29 

12 

28 

177.9 

9 

28 

188.6 

29 

13 

17a  9 

29 

nao 

9 

29 

183.4 

28 

14 

179.1 

80 

nao 

9 

80 

188.8 

88 

15 

179.3 

81 

nai 

9 

81 

183.8 

28 

16 

179.4 

1 

/ 
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TdbU  Mkowing  dail^  diuiharife  of  the  Mistist^pi  Bioer  at  Winona,  Jlinn.,  January  1, 1882, 

to  January  1,  1883. 

fCoapated  from  the  gauge  readings  by  a  foimnla  deduoed  from  discharge  observations  at  the  same 

X»oint  in  1881.1 


Disoharge 

1 
Discharge  i 

Discharge 

Date. 

Gauge. 

in  1,000 

eabic  feet 

perseoond.! 

Dste. 

Gange. 

in  1«000    1 
cabio  fipet  < 
per  second. 

Date. 

i 

Gauge. 

• 

in  1,000 
citblo  feet 
perseoond. 

1883. 

( 

1882. 

1 
1 

1882. 

1 

Jan.     1 

487.3 

80 

Mar.  16 

438.2 

36 

May  20 

442.7 

75 

2 

488.6 

39 

17 

4$&1 

35 

80 

442.6 

74 

8 

489.8 

48 

18 

48a  0 

35 

31 

442.6 

74 

4 

440.1 

60 

19 

438.1 

35 

June   1 

442.5 

78 

6 

440.1 

60 

20 

48&1 

35 

2 

442.4 

72 

8 

440.2 

51 

21 

'     48&2 

86 

3 

442.3^ 

71 

7 

440.5 

54 

22 

43&3 

37 

4 

442.3 

71 

8 

440.8 

56 

23 

43a3 

37 

5 

442.3 

71 

9 

440.8 

56 

24 

43a2 

36 

6 

442.1 

69 

10 

440.8 

56 

35 

438.1 

35 

7 

442.0 

68 

11 

440.9 

57 

26 

488.1 

35 

8 

442.0 

68 

12 

440.8 

66 

27 

4Sa2 

36 

9 

44L9 

67 

la 

440.5 

54 

38 

438.5 

38 

10 

44L8 

66 

14 

440.4 

58 

29 

438.7 

89 

11 

441.7 

65 

15 

439.8 

48 

30 

439.3 
439.6 

44 

12 

441.5 

68 

16 

439.4 

45 

31 

48 

13 

441.3 

61 

17 

488.3 

87 

Apr.    1 

440.1 

50 

14 

441.2 

00 

J8 

43ai 

35 

2 

44a2 

51 

15 

44L0 

68 

19 

48&6 

39 

3 

440.3 

52 

1    16 

440.8 

5« 

ao 

439.3 

44 

4 

440.4 

58 

17 

440.5 

54 

31 

439.4 

45 

6 

440.8 

56 

18 

440.3 

62 

23 

439.7 

47 

6 

441.4 

62 

19 

440.1 

60 

28 

439l5 

46 

7 

441.6 

64 

20 

439.9 

4» 

24 

439.3 

44 

8 

442.7 

75 

21 

439.6 

46 

25 

439.2 

» 

,9 

448.6 

84 

22 

439.6 

46 

26 

43ai 

J<^ 

444.2 

90 

28 

439.8 

48 

27 

43&9 

41 

Jl 

444.7 

96 

24 

440.8 

51 

28 

439.0 

42 

I2 

445.1 

100 

25 

440.3 

53 

29 

438.7 

39 

J» 

445.4 

104 

26 

440.4 

53 

30 

437.6 

32 

14 

446.4 

104 

27 

441.0 

58 

31 

43&2 

36 

J* 

445.2 

101 

28 

441.7 

65 

Feb.     1 

438.6 

89 

16 

445.0 

99 

29 

442.1 

69 

2 

43&8 

40 

17 

444.8 

97 

80 

442.3 

71 

8 

438.7 

89 

18 

444.6 

95 

Jnly    1 

442.3 

71 

4 

438.7 

89 

19 

444.8 

91 

2 

442.3 

71 

5 

438.6 

89 

20 

444.1 

89 

3 

442.3 

71 

6 

438.6 

39 

21 

444.0 

88 

4 

442.4 

73 

7 

48a6 

89 

22 

443.8 

86 

5 

442.3 

71 

8 

438.6 

89 

28 

448.8 

86 

6 

442.1 

6» 

9 

43&5 

38 

24 

443.8 

86 

7 

442.1 

69 

10 

438.5 

88 

25 

443.8 

86 

8 

442.1 

6» 

11 

438.4 

87 

26 

448.6 

84 

9 

442.1 

60 

13 

43a6 

39 

37 

443.6 

84 

10 

441.9 

67 

18 

438.7 

89 

28 

443.6 

84 

11 

441.6 

6e 

14 

438.6 

39 

29 

443.6 

84 

12 

441.8 

66 

.      1* 

43a6 

39 

30 

44&4 

82 

13 

441.7 

65 

'      16 

43&7 

39 

May     1 

448.4 

82  . 

14 

441.7 

65 

17 

43a8 

40 

2 

44a2 

80  j 

15 

441.7 

65 

18 

489.1 

48 

8 

443.1 

79  ! 

16 

441.7 

66 

19 

439.7 

47 

4 

443.0 

78  1 

17 

441.7 

65 

20 

440.2 

51 

5 

443.0 

78 

18 

441.7 

65 

21 

439.4 

45 

6 

442.8 

76 

19 

441.6 

68 

22 

439.7 

47 

7 

442.6 

74 

'      20 

44L1 

5» 

23 

440.1 

50 

8 

443.4 

72 

21 

440.8 

66 

24 

440.8 

52 

9 

442.3 

71 

22 

440.6 

55 

25 

440.4 

53 

10 

443.3 

71 

28 

440.2 

.    51 

26 

iM.2 

51 

11 

442.3 

71 

24 

440.0 

50 

27 

440.7 

56 

13 

442.3 

71 

25 

439.8 

48 

28 

440.7 

66 

13 

442.4 

72 

26 

489.6 

46 

Har.    1 

439.8 

48 

14 

442.9 

77 

27 

480.6 

46 

a 

439.0 

42 

15 

443.8 

66 

28 

439.3 

44 

3 

43&6 

39 

16 

444.6 

96 

29 

489.1 

4a 

4 

438.6 

39 

17 

444.8 

97 

30 

489.0 

43 

5 

438.6 

89 

18 

444.7 

96 

81 

439.0 

43 

6 

438.8 

40 

19 

444.6 

95 

Ang.    I 

438.9 

41 

7 

438.9 

41 

30 

444.4 

93 

2 

438.9 

41 

8 

439.0 

43 

a 

444.2 

90 

438.9 

41 

9 

489.0 

43 

33 

444.0 

88 

438.9 

41 

10 

438.8 

40 

88 

444.4 

93 

48&8 

40 

11 

43a7 

39 

34 

448.5 

83 

4S&9 

41 

12 

438.6 

39 

36 

443.8 

81 

489.0 

42 

18 

438.5 

38 

36 

418.2 

80 

489.0 

43 

14 

438.4 

87 

37 

443.8 

81 

488.8 

40 

15 

43H.3 

37 

28 

442.8 

76 

10 

43&6 

8» 
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Mbh  9k0wing  daUff  dUekarge  of  ike  MUHsHppi  Biver  at  Winona,  Mkin. — Continued. 


Date. 

Gauge. 

Discharge 
in  1,000     , 
cnbic  feet  i 
per  second. 

Date. 

Gaoge. 

Discharge 

in  1,000 

cnbic  feet 

per  second. 

Date. 

Gauge. 

Discharge 

in  1,000 
cubic  feet 
per  second. 

1M3. 

1882.    ' 

1882. 

A«g.  U 

43&3 

37 

Sept  28 

486.3 

84 

Nov.  15 

437.9 

84 

U 

48&2 

36 ; 

29 

4S6.3 

24 

16 

487.9 

84 

18 

488.0 

85 

80 

486.5 

25 

17 

488.2 

86 

14 

487.8 

33 

Oct.     1 

486.5 

25 

18 

438.3 

87 

16 

487.8 

83 

2 

486.8 

24 

19 

486.4 

87 

16 

487.7 

88 

3 

486.2 

23 

20 

43&] 

86^ 

17 

437.6 

32 

4 

486.1 

28 

21 

488.1 

86 

18 

437.6 

31 

5 

486l1 

28 

22 

4S&0 

85 

18 

487.2 

29 

6 

43&1 

28 

28 

487.9 

84 

20 

437.3 

80 

7 

486l2 

23 

24 

487.8 

88 

21 

487.3 

80 

8 

486.5 

25 

25 

487.7 

3» 

82 

437.3 

80 

9 

486.7 

26 

26 

487.4 

31 

28 

487.8 

30 

10 

486.8 

26 

27 

487.3 

80 

24 

487.8 

30 

11 

486.9 

27 

28 

487.2 

29 

26 

487.2 

29 

12 

487.3 

80! 

29 

486.9 

27 

26 

487.6 

32 

13 

487.8 

83  1 

80 

486w8 

26 

27 

488.1 

86 

14 

488.1 

85 

Dee.    1 

486.7 

26 

28 

488.3 

87 

15 

48a8 

87 

2 

486.4 

24 

28 

488.6 

89 

16 

488.7 

89 

8 

486.8 

84 

80 

48a8 

40 

17 

4S&9 

41 

4 

486.2 

28 

81 

488.0 

42 

18 

489.0 

42 

5 

486.2 

28^ 

Sept    1 

480l0 

42 

19 

489.1 

■43 

6 

486l0 

82 

2 

438.1 

48 

20 

489.1 

48 

7 

487.7 

88 

8 

438.1 

43 

21 

489.1 

48 

8 

487.7 

88 

4 

438.0 

41 

22 

489.2 

44 

9 

487.8 

88 

6 

4Sa8 

40 

28 

489.2 

44 

10 

487.9 

84 

6 

488.5 

88 

24 

489.0 

42 

U 

487.9 

84 

7 

488.2 

86 

26 

48a7 

89 

12 

48&2 

86 

8 

488.1 

86 

26 

43a5 

38 

13 

48a3 

87 

8 

437.9 

84 

27 

488.8 

37 

14 

48a6 

89 

10 

487.8 

38 

28 

48&2 

36 

15 

48&7 

80 

U 

437.7 

88 

29 

488.2 

86 

16 

488.6 

88 

12 

487.6 

32 

80 

48ai 

85 

17 

488.6 

89 

18 

487.3 

30 

31 

437.9 

84 

18 

43&8 

40 

14 

487.3 

30 

Nov.    1 

487.9 

34 

19 

488.9 

41 

16 

437.8 

30 

2 

487.9 

34 

20 

489.1 

4» 

16 

487.3 

80 

8 

437.8 

33 

21 

489.8 

U 

17 

437.2 

29 

4 

487.8 

83 

22 

489.4 

46 

18 

437.1 

28 

5 

487.7 

88 

23 

489.6 

46 

18 

436.0 

27 

6 

487.7 

33 

24 

489.6 

40 

20 

436.8 

26 

7 

437.7 

38 

26 

489.3 

44 

21 

436.8 

26 

8 

437.7 

88 

26 

488.3 

44 

22 

48&8 

26 

9 

487.7 

33 

27 

439.2 

44 

28 

436.6 

25 

10 

487.7 

33 

28 

439.0 

42 

24 

486.5 

25 

11 

437.7 

33 

29 

488.9 

41 

26 

436.4 

24 

12 

487.8 

38 

80 

436.8 

40 

26 

436.4 

24 

13 

487.9 

84 

81 

488.6 

89 

27 

436.3 

24 

14 

437.9 

84 

p 


Table  ahowh^  daily  diuKarge  of  the  Misaisaippi  Biver  at  Hannibal,  Mo,,  January  I,  1882, 

to  January  I,  1883. 

fCompnted  fh>m  the  gauge  readings  by  a  formula  deduced  fh>m  discharge  observations  at  the  same- 
point  in  1881.] 


Date. 

Gauge. 

Discharge 

in  1,000 
cubic  feet 
per  second. 

Date. 

Gauge. 

Discharge 

in  1,000 

cubic  feet 

per  second. 

Date. 

Gauge. 

Discharge- 
in  1.000 
cubic  feet 
per  second. 

1888: 

1882. 

1882. 

Jul    1 

7&6 

96 

Jan.  13 

75.6 

56 

Jan.  26 

76.1 

62 

77. 8 

86 

14 

75w2 

53 

96 

74.4 

45- 

77.8 

78 

15 

78L0 

51 

27 

716 

47 

77.2 

77 

16 

74.7 

48 

28 

7M 

58 

77.0 

74 

17 

74.3 

44 

29 

74.4 

4» 

76.8 

59 

18 

748 

44 

30 

7&1 

62 

7&2 

53 

19 

78L5 

36 

31 

76.6 

67 

7&2 

58 

20 

78.5 

36 

Teb.     1 

7S.4 

56. 

7&0 

51 

21 

74.1 

42 

2 

76.2 

68 

74.8 

48 

22 

7|L8 

44 

8 

76i8 

64 

748 

49 

28 

7i;7 

48 

4 

75.7 

66 

12 

78.2 

53 

24 

74.8 

49 

6 

7&8 

5» 

266 
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Table  •hawing  daily  dUoharge  of  the  MUHwigpi  Biver  at  Hanmbaly  Mo.^  ^Oy^Confciiiaed. 


Dftt«. 

Oaage. 

Diaoharge 

in  1,000 
oablo  feet 
peraeoond. 

Date. 

• 

1882. 

QaogOb 

Diaohanre 

in  1,006 
oablo  feet 
perseoond. 

Date. 

Gaoge. 

Diaoharfe 

inl,00f 

oabioieei 

peraeooad. 

1882. 

1881 

I^b.     6 

75.9 

60 

Apr.  24 

86.5 

247 

July  10 

84.6 

206 

7 

76.1 

68 

25 

87.2 

263 

11 

84.2 

196 

8 

7&8 

65 

26 

87.9 

S? 

12 

84.C 

192 

9 

76.2 

64 

27 

88.2 

13 

817 

186 

10 

76.9 

60 

28 

88.2 

287 

14 

88.4 

189 

11 

75.8 

59 

29 

87.8 

278 

15 

88.1 

174 

12 

7S.8 

59 

80 

87.5 

271 

16 

819 

176 

18 

76.0 

62 

May    1 

87.1 

261 

17 

816 

164 

14 

7&0 

62 

2 

86.7 

251 

18 

812 

]i6 

16 

75.8 

59 

8 

86.2 

'^40 

^9 

816 

152 

16 

75.9 

60 

4 

86.0 

236 

20 

81.6 

144 

17 

7&1 

68 

5 

85.7 

220 

21 

81.2 

188 

18 

76.2 

64 

6 

86.7 

229 

22 

80.7 

189 

19 

7&8 

65 

7 

86.4 

244 

23 

80.4 

125 

20 

76.4 

66 

8 

87.2 

268 

24 

80.1 

120 

21 

77.0 

74 

9 

87.6 

273 

25 

79.9 

117 

22 

76.7 

70 

10 

87.6 

278 

26 

79.6 

111 

28 

76.1 

68 

U 

87.6 

273 

27 

79.4 

166 

24 

7Sw8 

59 

12 

87.8 

266 

28 

79.2 

104 

25 

75.6 

57 

18 

87.0 

268 

29 

79.1 

168 

26 

7&5 

56 

14 

67.0 

268 

80 

79.0 

162 

27 

75l8 

54 

15 

8&8 

258 

31 

79.1 

168 

28 

76w8 

54 

16 

86.5 

247 

Aug.    1 

79.2 

164 

Ktf .    1 

75.7 

58 

17 

86.0 

236 

2 

79.2 

164 

2 

76.2 

64 

18 

85.5 

225 

8 

79.0 

162 

8 

76.7 

70 

19 

84.9 

211 

4 

78.8 

96 

4 

77.2 

77  P            20 

84.3 

198 

5 

Tao 

161 

_    5 

77.7 

84 

21 

88L7 

186 

6 

79.2 

164 

6 

7&1 

89 

22 

88.1 

174 

7 

719 

161 

7 

78.4 

94 

28 

82.5 

162 

8 

710 

l^fi 

8 

78.7 

98 

24 

82.1 

154 

9 

716 

96 

9 

7&9 

101 

25 

82.2 

156 

10 

7^6 

95 

10 

79.9 

117 

26 

82.8 

158 

11 

78.2 

91 

11 

79.9 

117 

27 

88.2 

176 

12 

77.9 

87 

12 

79.8 

115 

28 

84.7 

,    207 

18 

77.6 

82 

18 

79.7 

lis 

29 

8S.7 

229 

14 

77.8 

78 

U 

79.6 

110 

30 

86.3 

242 

15 

77.2 

77 

15 

79.3 

106 

81 

86.5 

247 

16 

77.2 

77 

16 

79.1 

108 

Jnne  1 

86.4 

244 

17 

76.9 

72 

17 

79.3 

106 

2 

86.6 

247 

18 

76,7 

79 

18 

79.4 

106 

3 

86.6 

249 

19 

76.6 

69 

10 

80.0 

119 

4 

«6.9 

255 

1           ^ 

76L5 

68 

20 

80.3 

124 

6 

87.2 

268 

21 

76.4 

69 

21 

80.4 

125 

6 

87.2 

268 

22 

76.4 

69 

22 

80.8 

124 

7 

86.7 

251 

28 

718 

66 

28 

80.4 

125 

8 

85i8 

281 

24 

76.2 

64 

24 

80.4 

125 

9 

85.0 

214 

25 

76.1 

68 

25 

80.4 

126 

10 

84w2 

196 

26 

710 

62 

26 

80.4 

125 

11 

84.0 

192 

27 

75.8 

66 

27 

80.2 

122 

12 

84.7 

207 

28 

75.6 

97 

28 

80.2 

122 

13 

85.3 

220 

29 

76.6 

57 

29 

80.1 

120 

14 

85.9 

288 

30 

75.6 

91 

80 

80.8 

124 

15 

85.8 

281 

81 

75:6 

57 

81 

80.7 

180 

16 

85.6 

227 

Sept    1 

,       76.5 

56 

Apr«    t 

81.0 

184 

17 

86.2 

218 

2 

75.6 

56 

2 

81.1 

.       186 

18 

84.5 

203 

8 

76.5 

06 

8 

81.2 

188 

19 

83.7 

186 

4 

75.6 

57 

4 

81.3 

189 

20 

88.2 

176 

5 

76.7 

56 

5 

81.8 

189 

21 

817 

166 

6 

75.8 

06 

6 

81.8 

189 

22 

819 

170 

7 

76.1 

68 

7 

8L8 

189 

28 

814 

160 

8 

718 

65 

8 

8L6 

144 

24 

814 

160 

9 

715 

66 

9 

810 

152 

26 

817 

166 

10 

714 

66 

10 

88.6 

164 

26 

88.0 

172 

11 

718 

65 

11 

82.9 

170 

27 

84.2 

196 

12 

712 

64 

12 

88.0 

172 

28 

85.2 

218 

18 

712 

64 

18 

68.2 

176 

29 

86.6 

247 

14 

710 

68 

14 

88.8 

178 

30 

87.6 

278 

16 

719 

66 

16 

88.4 

180 

July    1 

88.1 

285 

16 

.       717 

56 

16 

88.4 

180 

2 

88.4 

292 

17 

75.6 

57 

17 

88.5 

182 

3 

88.2 

287 

18 

715 

56 

18 

88.5 

182 

4 

87.9 

280 

10 

715 

56 

19 

88.6 

184 

6 

87.4 

268 

20 

718 

54 

20 

88.9 

190 

6 

86.9 

265 

21 

712 

58 

21 

84.3 

198 

7 

86.2 

240 

22 

710 

61 

22 

84.8 

209 

8 

85.2 

218 

23 

74.8 

49 

88 

85.6 

227 

9 

84.9 

211 

24 

74.7 

48 
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TdbU  akowing  daily  diicharge  of  the  Mittisrippi  River  at  Hannibdl,  Mo,,  ^o. — ContiDaed. 


Diflchftrge 

in  1,000 
cabio  feet 

1 

Discharge 

in  1,000 
bnbio  feet 

Discharge 

inl,OM 
cable  feet 

D*te. 

0«nge. 

Date. 

GMXge. 

Date. 

Oauge. 

per  second. 

per  second. 

per  second. 

1882. 

1882. 

1882. 

8epl2» 

74.6 

47 

Oct   28 

77.2 

77 

Hot.  80 

77.0 

74 

26 

74.5 

46 

29 

77.2 

77 

Dec    1 

76.7 

70 

27 

74.4 

45 

30 

77.2 

77 

2 

76.6 

66 

28 

74.3 

44 

31 

77.2 

77 

3 

76.3 

66 

29 

74.8 

44 

Kov.    1 

77.2 

77 

4 

76.2 

64 

20 

74.2 

43 

2 

77.1 

76 

5 

76.9 

60 

Oet     1 

74.2 

48 

3 

77.1 

76 

6 

75.8 

69 

2 

74.2 

43 

4 

76.9 

72 

7 

75.1 

92 

S 

74.2 

43 

5 

76.7 

70 

8 

74.6 

47 

4 

74.2 

43 

6 

76.5 

68 

9 

74.0 

41 

6 

74.1 

42 

7 

76.3 

66 

10 

73.6 

37 

6 

74.1 

42 

8 

76.2 

64 

11 

72.6 

27 

7 

74.1 

42 

9 

76.0 

62 

12 

7L6 

17 

8 

74.1 

42 

10 

76.0 

62 

IS 

71.7 

18 

9 

74.1 

42 

11 

76.0 

62 

14 

72.2 

23 

10 

74.2 

43 

12 

76.0 

62 

16 

72.1 

22 

11 

74.2 

48 

13 

75.0 

00 

16 

78.0 

31 

12 

74.4 

45 

14 

76.8 

50 

17 

7L9 

20 

18 

74.7 

48 

15 

75.7 

68 

18 

72.0 

21 

14 

74.7 

48 

16 

75.6 

57 

19 

71.7 

18 

16 

74.7 

48 

17 

76.2 

64 

20 

72.4 

26 

16 

75.1 

62 

18 

76.4 

66 

21 

73.2 

S3 

17 

75.6 

87 

19 

76.6 

66 

22 

74.0 

41 

18 

76.0 

62 

20 

76.6 

69 

23 

74.8 

49 

19 

76.2 

64 

21 

76.7 

70 

24 

76.1 

62 

20 

76.2 

64 

22 

76.7 

70 

26 

76.2 

68 

21 

76.2 

64 

23 

76.8 

71 

26 

76.6 

66 

22 

76.3 

65 

24 

76.9 

72 

27 

76.6 

67 

28 

76.6 

69 

26 

77.1 

75 

28 

75.9 

60 

24 

76.7 

70 

26 

77.1 

76 

29 

76.0 

62 

26 

76.0 

72 

27 

77.2 

77 

80 

76.0 

62 

26 

77.0 

74 

28 

77.2 

77 

31 

76.8 

60 

27 

77.2 

77 

29 

77.2 

77 

Table  showing  daily  dieoharge  of  the  MieHeHppi  Biver  at  Qraflon,  HL,  January  1,  1882, 

to  January  1, 1883. 

(Compitted  from  the  gauge  readings  by  a  fonnola  dedaoed  from  diaoharge  obeerrations  at  the  same 

point  in  1881.1 


Date. 

Oange. 

Discharge 

in  1,000 
cubic  feet 
per  second. 

Date. 

Gauge. 

Discharge 

in  1,000 
cubic  feet 
per  second. 

Date. 

Gauge. 

Discharge 

inl,00f 

cubic  feet 

per  second. 

1888. 

1882. 

1882. 

• 

Jan.     1 

28.7 

168 

Jan.   27 

1&3 

75 

Feb.  22 

29.7 

270 

2 

28.0 

142 

28 

las 

76 

23 

29.2 

259 

8 

22.6, 

186 

29 

l&l 

73 

24 

26.2 

197 

4 

22.3 

131 

80 

17.9 

70 

25 

24.7 

170 

6 

22.0 

126 

81 

18.2 

74 

26 

22.9 

141 

6 

21.7 

121 

Feb.     1 

18  3 

76 

27 

21.8 

122 

7 

2L8 

115 

2 

ia6 

77 

28 

21.8 

116 

8 

21.0 

110 

8 

18.3 

75 

Mar.    1 

2L7 

121 

• 

21.1 

112 

4 

1&2 

74 

2 

22.1 

127 

10 

2L0 

110 

6 

18.7 

70 

3 

21.9 

124 

11 

20.0 

109 

6 

18.7 

79 

4 

22.0 

126 

12 

20.7 

106 

7 

18.7 

79 

6 

22.2 

129 

18 

20.6 

106 

8 

18.7 

79 

6 

22.6 

134 

14 

20.6 

106 

9 

18.8 

80 

7 

82.7 

137 

15 

20.6 

106 

10 

18.9 

81 

8 

23.0 

142 

16 

20.0 

96 

11 

18.7 

79 

9 

23.3 

147 

17 

19.6 

90 

12 

18.5 

77 

10 

24.2 

161 

18 

19.2 

85 

18 

1&6 

78 

11 

25.1 

177 

19 

18.9 

81 

14 

18.6 

78 

12 

25.6 

186 

30 

18.7 

79 

16 

18.6 

78 

13 

26.4 

\n 

21 

18.2 

75 

16 

18.6 

77 

14 

26.0 

22 

18.0 

72 

17 

18.9 

81 

15 

24.7 

170 

28 

17.9 

70 

18 

19.1 

84 

16 

24.4 

166 

24 

18.0 

72 

19 

19.8 

86 

17 

24.3 

168 

26 

18.8 

75 

20 

24.5 

167 

18 

24.2 

161 

26 

18.3 

75 

21 

28.7 

247 

19 

24.2 

161 
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Table  ihowmg  dlaily  dUcharge  of  ike 


i  Biver  at  Or^ftOHf  IlL,  #«. — ContiniMd. 


Date. 

GMfe. 

DiMharfce 

in  1,000 

oabio  feet 

per  second. 

Date. 

Oaofe. 

Blschargc 

in  1,000 

oaMc  feet 

per  second. 

Date. 

Oftuge. 

Biscliarge 

in  1,000 
cubic  feet 
per  second. 

1882. 

1882. 

1882. 

H«r.  20 

24.4 

166 

Jnne    5 

82.0 

824 

Aug.  21 

ia8 

89 

21 

24.6 

168 

6 

82.0 

324 

22 

1&6 

78 

22 

26.1 

177 

7 

82.1 

326 

23 

18.5 

77 

28 

25^2 

179 

8 

82.1 

826 

24 

1&4 

76 

24 

28l2 

179 

9 

8L9 

821 

25 

18.4 

76 

25 

2&2 

179 

10 

81.5 

312 

26 

18.4 

76 

26 

25.1 

177 

U 

8L2 

806 

27 

1&8 

76 

27 

26.1 

177 

12 

80.6 

290 

28 

18.1 

78 

28 

25.0 

176 

18 

80l4 

285 

29 

17.9 

70 

29 

26.0 

176 

14 

8014 

286 

80 

17.7 

68 

80 

2&1 

177 

16 

80.6 

290 

8h 

17.5 

66 

31 

2&1 

177 

16 

80.8 

296 

Sept.    1 

17.7 

68 

Apr.    1 

28ul 

177 

17 

8L8 

307 

2 

17.9 

79 

2 

25.2 

179 

18 

3L7 

317 

3 

17.7 

68 

8 

26.8 

181 

19 

81.6 

814 

4 

17.7 

68 

4 

26.6 

186 

20 

8L2 

305 

5 

17.7 

66 

5 

26l6 

186 

21 

80.9 

297 

6 

17.9 

70 

6 

2&5 

186 

22 

80.7 

298 

7 

17.9 

79 

7 

26i5 

185 

28 

80.8 

288 

8 

18.1 

78 

8 

26.8 

181 

24 

80.1 

279 

0 

18.8 

76 

• 

26.6 

186 

25 

29.7 

270 

10 

18.4 

76 

10 

26.5 

186 

26 

29.4 

268 

11 

18.4 

76 

•11 

25.8 

199 

27 

29.7 

270 

12 

ia4 

76 

12 

26.1 

196 

28 

80.1 

279 

18 

1&2 

74 

18 

ML4 

201 

29 

80.7 

292 

14 

18.1 

78 

14 

26.8 

209 

80 

8L5 

812 

15 

l&O 

72 

15 

27.1 

216 

July    1 

82.5 

886 

16 

17.8 

69 

16 

27.4 

221 

2 

88.1 

860 

17 

17.8 

69 

17 

27.6 

228 

3 

84.0 

874 

18 

17.5 

66 

18 

27.9 

281 

4 

84.6 

887 

19 

17.3 

64 

18 

27.8 

229 

5 

84.7 

892 

20 

17.2 

68 

20 

27.2 

217 

6 

84.7 

892 

21 

17.1 

62 

21 

27.1 

215 

7 

84.5 

887 

22 

16.9 

69 

22 

27.8 

219 

8 

84.2 

879 

28 

16.7 

58 

28 

2&8 

289 

9 

88.7 

866 

24 

16.6 

87 

24 

20.1 

267 

10 

83.0 

848 

25 

16.5 

66 

26 

29l6 

268 

11 

82.8 

381 

26 

16.4 

56 

26 

8a2 

281 

12 

81.7 

317 

27 

16.8 

64 

27 

30.6 

290 

18 

80.9 

297 

28 

l&l 

52 

28 

8a8 

296 

14 

30.2 

281 

29 

16.1 

52 

29 

81.1 

802 

16 

29.5 

266 

30 

1«10 

51 

80 

81.2 

806 

16 

28.9 

252 

Oct,      1 

22.4 

183 

Maj     1 

81.2 

306 

17 

28.3 

239 

2 

23.0 

142 

2 

81.1 

802 

18 

27.9 

281 

8 

24.0 

158 

8 

80.9 

•297 

19 

27.4 

221 

4 

25.5 

185 

4 

80.6 

290 

20 

27.0 

213 

5 

26.6 

205 

5 

80.2 

281 

21 

26.5 

208 

6 

26.9 

211 

6 

29.6 

268 

22 

25.2 

179 

7 

26.9 

211 

7 

28.5 

248 

83 

24.8 

172 

8 

2flL0 

211 

.  8 

28.5 

248 

24 

24.6 

168 

9 

27.4 

221 

9 

30.3 

288 

25 

24.4 

166 

10 

27.5 

223 

10 

80.4 

285 

26 

24.0 

168 

11 

27.2 

217 

11 

81.1 

302 

27 

23.5 

160 

12 

27.0 

213 

12 

81.3 

307 

28 

28.1 

148 

13 

26.9 

211 

18 

81  8 

807 

29 

22.8 

130 

14 

27.0 

218 

14 

81.8 

307 

80 

22.6 

185 

15 

27.1 

215 

16 

dL2 

806 

81 

22.3 

181 

16 

27.8 

219 

16 

81.1 

802 

Ang.    1 

22.1 

127  • 

17 

27.8 

229 

17 

81.0 

800 

2 

22.0 

126 

18 

2ad 

239 

18 

8a6 

290 

3 

22.0 

126 

19 

28.9 

252 

19 

80.7 

292 

4 

2L0 

124 

20 

29.4 

268 

20 

80.4 

285 

6 

2L7 

121 

21 

29.9 

274 

21 

80.0 

277 

6 

21.7 

121 

22 

80.4 

286 

28 

2S.6 

248 

7 

2L9 

124 

28 

8a8 

296 

28 

28.9 

268 

8 

21.9 

124 

24 

8L0 

300 

24 

28.1 

885 

9 

2L8 

122 

26 

8L1 

802 

25 

27.9 

281 

10 

2L6 

118 

26 

8L4 

809 

26 

27.0 

218 

11 

2L2 

118 

27 

31.6 

814 

27 

27.1 

215 

12 

20.8 

108 

28 

8L7 

317 

28 

28.2 

287 

18 

20.4 

102 

29 

8L9 

821 

29 

89.8 

261 

14 

20.1 

97 

80 

82.0 

824 

80 

89.9 

274 

16 

19.9 

94 

81 

82.1 

826 

81 

8a6 

290 

16 

19.8 

98 

Kov.    1 

818 

829 

June  1 

81.3 

807 

17 

19.7 

92 

2 

82.6 

896 

2 

8L6 

812 

18 

19.5 

89 

3 

82.7 

848 

8 

81.8 

319 

19 

19.2 

85 

,      4 

82.8 

448 

4 

82.0 

824 

20 

19.0 

88 

6 

38.0 

848 
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Table  •hawing  daily  disoharge  nf  the  MUsiwippi  Biver  at  Grt^ton,  III.,  ^c.  —Continued. 


BiAcharge 

Discb*rge 

1 

Discharge 

Dftte. 

Gaago. 

in  1,000 
cubic  feet  : 
per  second. 

Date. 

QftOge. 

in  1,000 
cubic  feet 
per  second. 

1    Date. 

i 

1882. 

Gauge. 

in  1,000 
cubic  twt 
per  second. 

1882. 

1882. 

, 

Kor.  e 

33.1 

350 

Not.  25 

81.4 

809 

Dec.  14 

25.2 

170 

7 

38.1 

350 

26 

80.8 

295 

15 

2&2 

179 

8 

33.1 

360 

27 

80.2 

281 

16 

24.7 

170 

0 

33.0 

848 

28 

29.7 

270 

17 

24.6 

168 

10 

82.0 

845 

29 

29.1 

257 

18 

24.2 

161 

11 

32.6 

388 

30 

28.7 

247 

19 

28.9 

197 

12 

32.7 

341 

Deo.     1 

28.7 

247 

20 

28.6 

151 

13 

32.7 

841 

2 

27.7 

227 

21 

28.4 

149 

14 

82.7 

841 

3 

27.2 

217 

22 

28.7 

153 

15 

82.7 

341 

4 

26.7 

211 

23 

24.1 

159 

10 

32.7 

841 

5 

26.2 

197 

24 

24.4 

165 

17 

82.6 

388 

6 

26.8 

190 

25 

24.4 

165 

18 

33.0 

348 

7 

25.4 

188 

26 

24.2 

161 

19 

33.7 

366 

8 

25.0 

176 

27 

24  1 

159 

20 

84.1 

377 

0 

24.8 

172 

28 

24.1 

159 

21 

34.0 

374 

10 

24.6 

168 

29 

24.0 

158 

22 

33.4 

858 

11 

24.2 

161 

80 

24.0 

158 

23 

82.8 

848 

12 

24.1 

159 

31 

24.0 

158 

24 

32.1 

326 

13 

24.1 

150 

Table  showing  daily  discharge  of  IfiBsiuippi  River  at  Ijulton,  Tenn.j  January  1,  ItiSi,  to 

January  1,  1883. 


[Computed  from  the  gauge  readimn  by  a  formula  deduced  ftx>m  discharge  obserrations  at  the 

pouit  extending  honk  KoTcmber,  1879,  to  November,  1880.] 

Note.— I  in  the  column  of  remarks  mesas  that  gauge-readings  were  interpolated. 


same 


Date. 

Gauge. 

Discharge 

in  1,000 

cubic  feet 

per  second. 

1    Date. 

Gauge. 

Discharge 

in  1,000 
cubic  feet 
perseoond. 

1881. 

1881. 

SB.       9 

1OT.86 

109 

.  Feb.  17 

188.58 

876 

10 

157.86 

109 

1            1« 

183.08 

896 

11 

158.10 

114 

I. 

19 

183.37 

910 

12 

158L84 

119 

I. 

20 

183.76 

928 

18 

158.69 

126 

21 

184.15 

947 

14 

158.54 

142 

22 

184.58 

968 

15 

160.89 

170 

23 

184.89 

982 

16 

163.13 

218 

24 

185.18 

996 

17 

164.50 

253 

25 

185.45 

1,010 

18 

105.80 

273 

I. 

26 

18&61 

1,018 

19 

1661 10 

295 

L 

1             27 

185.88 

1,027 

20 

166.90 

818 

L 

28 

185.94 

1,082 

31 

107.71 

837 

Mar.    1 

18&92 

1,031 

22 

169.00 

877 

2 

185.88 

1,037 

28 

171. 10 

442 

8 

185.61 

1,016 

24 

ird.14 

506 

4 

185.39 

1,007 

35 

174.89 

568 

5 

184.90 

982 

26 

17&15 

616 

6 

184.07 

941 

27 

177.05 

648 

7 

182.89 

889 

28 

177.65 

672 

8 

181.48 

827 

29 

17&Q8 

687 

9 

180.01 

767 

80 

17&14 

691 

10 

178.75 

716 

81 

177.84 

680 

11 

17&16 

692 

reb.     1 

177.08 

648 

12 

177.27 

657 

2 

176l01 

610 

18 

176.60 

637 

8 

174.87 

549 

14 

176.29 

621 

4 

172.02 

488 

15 

176. 10 

614 

5 

170.99 

439 

16 

17&08 

618 

6 

169.58 

895 

17 

177.22 

655 

7 

168.44 

359 

18 

178.09 

690 

8 

167.64 

335 

19 

17&68 

713 

9 

197.86 

327 

20 

179.28 

738 

10 

167.67 

832 

1             21 

180.20 

775 

U 

177.85 

404 

L 

22 

181.26 

818 

12 

174.03 

538 

L 

23 

182.27 

862 

13 

177.00 

647 

I. 

24 

182.65 

879 

14 

170.40 

748  i 

25 

183.09 

899 

15 

18L30 

820 

26 

183.38 

911 

10 

181. 95 

847 

1 

27 

183.56 

1             919 

Bemarks. 


/ 
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Tahie  showing  daily  discharge  of  the  Miejsieeippi  Biver  at  FuUonf  Tenn.j  ^e.—Contmiied. 


Discharge 

Date. 

Oaoge. 

in  1,000 
onblc  feet 
perseoond. 

im. 

ICtf.  28 

188.71 

836 

29 

188.84 

888 

80 

184.88 

079 

31 

188.76 

928 

Apr.    1 

188.46 

914 

9 

188.20 

908 

8 

188.96 

891 

4 

188.87 

887 

8 

183.76 

888 

• 

6 

188.68 

874 

7 

188.80 

888 

8 

181.99 

880 

9 

18L66 

886 

10 

18Le7 

886 

11 

181.98 

848 

18 

182.41 

888 

18 

182.86 

891 

U 

188.49 

917 

16 

184.10 

946 

18 

184.68 

971 

17 

186.18 

996 

*18 

185.68 

1,029 

18 

18&11* 

1,040 

80 

18&48 

1,058 

21 

186.78 

1,074 

88 

187.13 

1,009 

88 

187.88 

1,099 

84 

187.78 

1,181 

86 

187.89 

1,181 

88 

188.09 

1.186 

High  water. 

27 

18&07 

1,186 

88 

187.86 

1,189 

i 

89 

187.86 

1,139 

I 

89 

187.86 

1,188 

Kay    1 

m.67 

1,U4 

3 

187.86 

1,100 

8 

187.18 

1.088 

4 

187.06 

1,067 

6 

186.89 

1,086 

6 

186.94 

1,088 

7 

186.98 

1,088 

8 

188.86 

1,082 

9 

18&97 

1,088 

10 

187.06 

i;087/ 

11 

187.07 

1,086 

12 

187.00 

1,086 

18 

186.87 

1,078 

U 

186.58 

1.067 

16 

186.90 

1,080 

16 

186i07 

090 

17 

184.08 

944 

18 

188.06 

896 

19 

181.68 

886 

30 

180.78 

796 

81 

179.59 

760 

38 

17&69 

714  < 

38 

177.92 

688 

84 

177.18 

661 

38 

176.86 

628 

86 

176.78 

600 

27 

17&31 

688 

38 

175.07 

676 

89 

174.86 

666 

80 

174.56 

654 

81 

174.03 

587 

June    1 

173.86 

511 

3 

172.69 

481 

8 

171.96 

468 

4 

171.87 

459 

6 

17a  97 

438 

6 

170.68 

423 

7 

170.69 

480 

8 

170l64 

434 

9 

170.78 

480 

X. 

10 

170.72 

488 

11 

170.48 

419 

13 

170.26 

413 

18 

170.18 

410 

Date. 


Jnly 


1881. 
Jnne  14 
16 
16 
17 
18 
19 
20 
21 
22 


24 

25 

26 

27 

28 

20 

80 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

16 

16 

17 

18 

19 

20 

21 

22 

28 

24 

36 

26 

27 

28 

29 

30 

81 

I 

2 

3 

4 

6 

6 

7 

8 

0 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 


Ang. 


24 
26 
36 
27 
28 
29 
30 


170.26 
170.88 
171.58 
172L82 
172.88 
178.96 
174.96 
176.27 
176.86 
lt7.46 
177.64 
177.86 
176.59 
176  34 
175.77 
175.19 
174.64 
174. 18 
173,71 
173.29 
173.08 
173.25 
178L43 
17£61 
178.68 
178.57 
178.15 
172.52 
17L67 
170.71 
188l78 
168.98 
168.28 
167.96 
168.02 
168.81 
168.00 
168.84 
160.00 
189i28 
189.41 
169.49 
169.58 
169.44 
169.20 
16a  97 
168.49 
167.74 
167.04 
166.87 
165.88 
166.50 
165.29 
165.08 
164.89 
164.71 
164.49 
164.20 
168.84 
168.42 
16&06 
162.68 
183.37 
161.00 
161.78 
16L58 
161.41 
161.10 
163.68 
161.96 
161.81 
161.66 
161.63 
16L41 
161.81 
160.03 
158.82 
169.68 


Ditoharge 

Inl.OOU 
oabie  feet 
perMCond. 


412 
484 
466 

478 


688 
670 
620 
642 
664 


660 

688 
622 
601 
580 
558 
542 
524 
510 
508 
508 
514 
520 
523 
518 
506 
486 
468 
437 
400 
874 
858 
846 
346 
866 
864 
871 
377 
884 
386 
893 


887 


376 
361 


331 


279 
273 
367 
263 
267 
262 
344 


284 
217 
207 
199 
191 
188 
183 
181 
176 
306 
198 
189 
186 
188 
181 
179 
151 
128 
146 


Bemarka. 


I. 

L 
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IkMe  Bkowing  dailjf  diickarge  of  ike  Mi99i99ippi  River  at  FitlUm,  Tenn.,  fc. — Continaed.. 


Bftte. 


1881. 


sSL 


8«p 


Oet 


r 


ITOT. 


31 
1 
2 
8 
4 
6 

e 

7 

8 

9 

10 

11 

12 

13 

14 

15 

10 

17 

18 

10 

20 

81 

22 

28 

24 

25 

26 

27 

28 

29 

80 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

28 

24 

26 

26 

27 

28 

29 

80 

81 

1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 


DitchArge 

in  1,000 

cnblo  feet 

pertecond. 


159.50 
150.80 
150.14 
150.02 
158.90 
158.88 
158w69 
15a  66 
158.68 
15&59 
156^  45 


■••••••»••"•     ••••••••••• 

■aaa. •>■•*•«        •■««a*«*aa* 


142 
189 
184 
182 
180 
128 
126 
126 
125 
124 
121 


Bemarks. 


"WwBk  SepteiD' 
berlOtoDe- 
oember  6  no 

gauge  read- 
9K»  taken. 


Disoharge 

in  1.000 

enbio  feet 

Bate. 

Oange. 

Remarlii. 

per  second. 

1881. 

"Sot.  15 
16 
17 
18 
19 
20 
21 
22 
•  28 

' 

* 

From  Septem- 
ber 10  to  De- 

24 

25 

cember  6  ba 

26 

Kange  read- 
ings taken. 

27 
28 
29 
80 
Deo,    1 
2 

3 

4 

/ 

5 

6 

88.42 

667 

•7 

22.27 

624 

8 

20.86 

570 

0 

19.69 

628 

10 

ia60 

491 

11 

17.65 

461 

12 

16.88 

488 

18 

ia27 

416 

14 

15.80 

408 

15 

16.85 

890 

16 

16.18 

884 

17 

16.06 

881 

18 

ia88 

391 

19 

1&24 

415 

20 

17.64 

461 

21 

19.21 

510 

22 

20.98 

578 

28 

22.56 

686 

24 

23.77 

680 

25 

24.68 

717 

26 

26.88 

764 

• 

27 

27.11 

816 

28 

2&18 

860 

29 

2a  07 

896 

80 

29.51 

921 

81 

29.88 

939 

1882. 

Jan.     1 

8a  02 

946 

2 

8a  12 

960 

8 

80.14 

951 

4 

80.17 

962 

6 

30.11 

950 

6 

30.07 

948 

7 

2a  58 

922 

8 

29.75 

082 

9 

2a  60 

921 

10 

29.28 

912 

11 

2a  26 

910 

12 

29.24 

010 

18 

2a  50 

021 

14 

2a  88 

989 

1 

15 

80.88 

969 

16 

80.91 

967 

17 

81.41 

1,011 

18 

8185 

1»082 

19 

8128 

1,058 

20 

8a  59 

1,069 

21 

3a  12 

1,005 

22 

8a  54 

1,118 

28 

38.98 

1,132 

24 

84.36 

1,168 

25 

84.72 

1.172 

20 

8a  02 

1.189 

27 

85.82 

1.207 

1             28 

8&50 

1.217 

*  Low  water  1872  (154.13)  =  sero  of  gaage  establiabed  December,  1881. 
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Table  thawing  dailjf  di»charge  of  MisHssippi  Eiver  at  Fulton^  Tenn,,  ^c— Oontinaed. 


\ 

Dischari^e 

Disoharge 

Bate. 

Oaage. 

in  1,000 
oabtofeet 

Bemarks. 

Date. 

Gauge. 

in  1,000 
cubic  feet 

Bemarka. 

perseoond. 

per  second. 

1882. 

1882. 

/ 

Jan.  20 

36.62 

1,224 

Apr.  17 

27.81 

845 

80 

85.67 

1,226 

1            18 

27.88 

848 

81 

85.78 

1,284 

f 

10 

27.92 

861 

J'eb.     1 

85.74 

1,281 

20 

27.61 

887 

2 

85.71 

1,229 

21 

27.96 

816 

8 

85l74 

1,281 

22 

26.94 

781 

4 

85.74 

1,281 

28 

25.61 

766 

/ 

5 

85.65 

1,226 

24 

24.70 

718 

6 

85l66 

1,226 

25 

24.05 

692 

7 

85.64 

1,226 

26 

23.08 

687 

8 

85.66 

1,826 

27 

28.82 

688 

• 

85.60 

1.228 

28 

28.96 

688 

10 

85.67 

1.296 

20 

24.21 

698 

11 

85.69 

1.228 

80 

24.46 

708 

18 

85.50 

1.217 

ICay     1 

24.78 

719 

18 

85.61 

1,217 

2 

24.87 

724 

U 

86.87 

1,211 

8 

24.96 

729 

15 

85.28 

1,201 

4 

25.11 

785 

16 

85.18 

1,199 

5 

25.22 

740 

17 

85.11 

1,194 

6 

26.25 

741 

18 

86.06 

i,m 

7 

25.05 

783 

39 

8Ai0e 

1,190 

, 

8 

24.86 

724 

20 

85.12 

1,194 

0 

24.68 

715 

21 

85.17 

1.199 

10 

25.35 

745 

22 

85.28 

1,901 

11 

27.02 

813 

23 

85.88 

1,207 

12 

28.58 

880 

24 

85.69 

1,228 

18 

29.88 

989 

25 

85.89 

1.289 

14 

80.85 

984 

26 

86LI9 

1.266 

15 

81.63 

968 

27 

86w48 

1,268 

16 

32.16 

1,047 

28 

86.68 

1,278 

17 

82.52 

1.066 

ICar.    1 

86.69 

1.282 

18 

82.67 

1,078 

2 

86.66 

1,279 

10 

82.70 

1,075 

8 

86.69 

i,2n 

20 

82.69 

1,075 

4 

86.61 

1,272 

21 

32.85 

1,082 

6 

86.44 

1,269 

22 

32.88 

1,081 

6 

86.44 

1,269 

23 

82.79 

1,080 

— 

7 

86w88 

1,266 

24 

82.81 

1,080 

8 

86.28 

1.269 

25 

88.80 

1,080 

• 

86w86 

1.289 

26 

82.68 

1,074 

10 

86.18 

1,255 

27 

82.51 

1,065 

11 

86.11 

1,269 

28 

82.14 

1,047 

12 

86.04 

1,247 

29 

81.59 

1.021 

18 

86.04 

1,247 

80 

81.04 

994 

14 

86.18 

1,251 

81 

80.66 

975 

16 

86.18 

1,251 

June   1 

80.66 

975 

16 

86.00 

1,246 

2 

30.81 

988 

17 

85.86 

1,287 

3 

81.00 

682 

18 

85.76 

1,282 

4 

81.27 

1,006 

19 

85.68 

1.226 

5 

3L55 

1,018 

20 

85.62 

1.224 

6 

81.71 

1,026 

21 

85.52 

1.216 

7 

3L85 

1,083 

22 

85.44 

1,214 

8 

81.07 

1,089 

23 

85.17 

1,197 

0 

82.04 

1.042 

24 

84.97 

1,187 

10 

82.07 

1,044 

25 

84.78 

1,172 

IX 

82.07 

1.044 

26 

84.49 

1,160 

12 

81.06 

1,089 

27 

84.25 

1,148 

18 

81.60 

1,026 

28 

88.96 

1,183 

14 

81.25 

1,005 

29 

83.68 

1,180 

15 

30.50 

967 

80 

83.42 

1,108 

16 

20.40 

921 

81 

83.25 

1,100 

17 

28.45 

874 

Apr.    1 

83.11 

1,094 

18 

27.45 

830 

/2 

82.96 

1,087 

10 

27.00 

850 

8 

82.84 

1,082 

80 

27.21 

820 

4 

82.70 

1,075 

21 

27.86 

847 

5 

32.68 

1.069 

22 

28.50 

881 

6 

82.80 

1.055 

28 

20.01 

899 

T 

81.79 

1,080 

24 

20.35 

914 

6 

31.10 

007 

25 

20.61 

926 

0 

80.16 

050 

26 

20.70 

935 

10 

20.88 

018 

27 

20.81 

935 

11 

20.05 

001 

28 

20.60 

980 

12 

28.70 

880 

\ 

29 

29,30 

917 

18 

28.62 

8» 

SO 

29.00 

903 

14 

28..41 

872 

Jnly    1 

2&56 

879 

16 

28.06 

856 

2 

2a  37 

870 

16 

27.87 

848 

8 

28.26 

865 
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Tiible  showing  daily  discharge  of  Mississippi  Biver  at  FultoUj  Tenn.,  fo, — Continued. 


DUoharge 

Date. 

Gauge. 

In  1,000 
cubic  feet 
per  second. 

1882. 

July     4 

28.29 

868 

5 

28.62 

882 

6 

2&89 

894 

7 

29.20 

008 

8 

29.53 

921 

9 

29.82 

936 

10 

30.03 

946 

11 

30.13 

950 

12 

30.12 

950 

18 

29.89 

040 

U 

28.74 

887 

15 

2&41 

872 

16 

28.04 

856 

17 

27.30 

824 

18 

26.61 

795 

19 

25.82 

764 
732 

20 

25.02 

21 

24.31 

t02 

22 

23.69 

678 

23 

23.17 

657 

24 

22.70 

641 

25 

22.15 

619 

26 

21.40 

590 

27 

20.52 

557 

28 

19.50 

520 

29 

18.64 

492 

30 

18.87 

500 

31 

18.22 

478 

Aug.    1 

17.52 

457 

2 

17.31 

451 

3 

17.00 

442 

4 

16.74 

433 

5 

16.43 

421 

6 

16.41 

420 

7 

16u76 

483 

8 

17.62 

400. 

9 

18.34 

482 

10 

ia58 

490 

11 

1&54 

488 

12 

1&39 

484 

13 

iai5 

476 

14 

17.78 

465 

15 

17.63 

461 

16 

17.15 

446 

17 

16.40 

420 

18 

15.84 

404 

19 

15.60 

898 

20 

15.86 

390 

21 

15.11 

383 

22 

14.83 

874 

23 

14.44 

862 

24 

18.97 

348 

25 

13.55 

835 

26 

13.06 

828 

27 

12.62 

814 

28 

12.21 

301 

20 

11.91 

292 

30 

1L74 

268 

81 

11.54 

282 

Sept.   1 

11.42 

270 

*^      2 

11.42 

279 

3 

1L42 

279 

4 

11.41 

279 

5 

11.41 

279 

6 

11.46  • 

280 

7 

11.61 

284 

8 

11.75 

288 

9 

1L95 

2113 

10 

12.10 

298 

11 

12.13 

299 

12 

12.01 

295 

13 

11.85 

291 

14 

11.65 

286 

16 

11.47 

280 

16 

1L19 

278 

17 

ILOO 

268 

18 

11.02 

268 

19 

11,67 

288 

H-  Ex.  3 

7 18 

Bemarke. 


Date. 


Oct 


1882. 
Sept.  20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
31 
1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
34 
25 
26 
27 
28 
29 
80 
1 
2 
8 
4 
6 
6 


Nov. 


Deo. 


Discharge 

Gaage. 

in  1.000 
cubic  feet 

per  second. 

12.47 

309 

13.02 

822 

13.60 

337 

13.52 

334 

13.01 

322 

12.33 

805 

11.84 

291 

11.30 

276 

10.76 

261 

10.30 

248 

9.85 

238 

9.53 

230 

9.31 

224 

9.02 

218 

8.84 

214 

8.75 

212 

a  79 

218 

8.79 

213 

a77 

212 

8.70 

211 

8.63 

210 

a60 

200 

a58 

208 

a  57 

208 

a  48 

207 

a4o 

205 

a  30 

202 

a20 

200 

a  01 

106 

7.92 

195 

7.82 

192 

7.73 

190 

7.70 

189 

7.76 

190 

7.87 

193 

7.98 

196 

a  05 

197 

a  08 

198 

a  06 

198 

a  10 

198 

a  13 

198 

a  18 

199 

a  30 

202 

a  30 

202 

a33 

203 

ass 

204 

a  47 

206 

a  51 

207 

a5o 

207 

a  51 

207 

a54 

208 

a54 

208 

a77 

213 

9.11 

'    220 

9.18 

222 

9.39 

227 

9.59 

232 

9.70 

235 

9.68 

234 

9.74 

236 

9.86 

238 

9.90 

240 

9.78 

236 

9.62 

233 

9.54 

230 

9.41 

227 

9.22 

222 

9.18 

222 

9.12 

220 

9.08 

219 

9.03 

218 

9.08 

219 

9.09 

219 

9.10 

220 

9.11 

220 

9.12 

220 

9.11 

220 

9.11 

220 

Bemarks. 
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Ta^le  showing  daily  discharge  of  Mississippi  Bi/ver  at  Fulton ^  Tenn,,  ^c. — Continued. 


Date. 

Gknige. 

Discharge 

in  1,000 
cubic  feet 

1! 

Remarks.       '     Date. 

Gange. 

Discharge 

in  1,000 
cnbio  feet 

persecond. 

1 

persecond. 

1882. 

1 

!    1882. 

Deo.     7 

9.26               223  ! 

Deo.  20 

6.64 

167 

8 

9. 46               228  , 

21 

6.65 

167 

0 

9. 50  .             229 

22 

6.78 

169 

10 

9.34  1             225  1                                  ;             23 

7.12 

177 

11 

9.06               219 

24 

7.70 

189 

12 

8. 74               212 

25 

.8.25 

201  * 

13 

8.47               206 

26 

&86 

215 

14 

8.47                206 

27 

9.61               232  1 

15 

7.86                193                                    ;             28 

10.46  1             254  • 

16 

7.47 

184                                   1              29 

1L25  1             274  1 

17 

7.22 

179        .                          ;              30 

11.87  1             291 

18 

7.04 

176                                                 31 

12.81  !             304  1 

19 

a  78                169 

;            •       1 

1 
1 

Table  sh&wing  daily  discharge  of  the  Mississippi  Biver  at  Memphis^  Tenn.y  January  1, 1881, 

to  January  1,  1883. 

[Computed  firom  the  gange  readings,  by  a  formula  deduced  from  discharge  observations  at  Hampton 
Landing,  Ark.,  1879-18M  (12  miles  below  Memphis),  and  transferred  to  Memphis  by  simultaneous 
gauge  reAdings.J 


Date. 


1881. 
Jan.     1 


Feb. 


2 

6.45 

3 

6.55 

4 

4.85 

5 

3.50 

6 

2.95 

7 

2.70 

8 

2.55 

9 

2.46 

10 

2.35 

11 

2.88 

12 

2.38 

18 

2.62 

14 

3.22 

15 

4.04 

16 

&80 

17 

7.90 

18 

9.80 

19 

10.40 

20 

11.80 

21 

12.80 

22 

13. 30 

23 

15.50 

24 

17.50 

26 

19.50 

26 

20.90 

27 

22.20 

28 

23.00 

29 

23.60 

80 

28.95 

81 

23.95 

1 

28.50 

2 

22.60 

8 

21.40 

4 

10.80 

5 

laoo 

6 

16.50 

7 

14.90 

8 

18.70 

9 

12.90 

10 

13.20 

11 

18.70 

12 

16.001 

18 

19.50 

14 

23.00 

15 

25.80 

Discharge 

in  1,000 

cubic  feet 

persecond. 


715 
727 
727 
711 
680 
641 
583 
526 
482 
431 
897 
874 
882 
897 
484 
578 
608 
796 


211 

193 

160 

152 

141 

136 

138  I 

131 

129 

180 

180 

184 

126 

163 

198 

249 

279 

809 

836 

360 

885 

451 

508 

573 

621 

666 


Mar. 


Date. 


1881. 
Feb.  16 
17 
18 
10 
20 
21 
22 
28 
24 
25 
26 
27 
28 
1 
2 
8 
4 
5 
6 
7 
6 
0 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
81 
1 
2 


Gauge. 


Apr. 


27.20 
28.00 
2a  60 
29.10 
29.50 
29.80 
80.10 
80.50 
30.70 
81.00 
81.00 
31.20 
81.50 
81.60 
81.70 
31.70 
81.40 
3L10 
8L50 
29.80 
28.70 
27.80 
25.70 
24.40 
23.60 
22.80 
22.20 
21.70 
21.70 
22.10 
22.80 
23.60 
24.10 
24.70 
25.90 
2a  80 
27.60 
2a  10 
2a  60 
2a  80 
29.10 
29.30 
29.80 
29.40 
29.20 
29.00 


Discharge  ' 

in  1,000     ; 

cubic  feet  i 

persecond.  i 


Date. 


850 
882 
906 
926 
943 

985 

993 

1,005 

1,005 

1,014 

1,026 

1,030 

1,034 

1,034 

1,022 

1,009 

1,026 

066 

910 

854 

792 

744 

711 

687 

OOD 

650 
650 
662 
687 
711 
733 
765 
800 
886 
866 


Gauge. 


902 
914 
926 
985 
936 


930 
922 


1881. 
Apr.  3 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2U 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
1 
2 
8 
4 
5 
6 
7 
8 
9 
10 
11 
12 
18 
14 
15 
16 
17 
18 


May 


2a  80 
2a  50 
2a  50 
28.40 
28.10 

2a  00 

27.80 
27.60 
27.40 
27.40 
2a  40 
2a  80 
20.40 
29.90 
80.40 
80.80 
81.20 
8L60 
31.80 
32.20 
82.60 
82.76 
83.00 

aa2o 

8a  80 
83.30 
8a  20 
88.16 
38.06 
88.00 
82.85 
82.75 
82.65 
82.56 
82.55 
82.55 
32.00 
82.66 
32.65 
82L60 
82.60 
82.45 
82.15 
81.76 
81.00 
80.10 


Discharge 

in  1,000 
cubic  feet 
perseoond. 


914 
902 
902 
898 
886 


874 


858 
868 
898 
914 
989 
960 
981 
997 
1,014 
1,026 
1,038 
1,067 
1,072 
1.064 
1.097 
1,105 
1,109 
1,109 
1,105 
1,108 
1,090 
1.097 
1,080 
1,084 
1,079 
1,074 
1,074 
1,074 
1.077 
1,07» 
1.079 
1,077 
1,077 
1.069 
1.06i 
1,036 
1.006 
1,009 


REPORT   OP   THE   MISSISSIPPI   RIVER   COMMISSION.  275 

Table  $hcwing  dcAly  discharge  of  the  Miasisaippi  Biver  at  Memphis^  Tenn,j  ^o. — Continued   ^ 


Discharge 

1 

Discharge 

1 

Discharge 

in  1,000 

6ubic  feet 

Bate. 

Gauge. 

in  1,000 
onbic  feet 

Date. 

Gauge. 

in  1,000 
cubic  feet 

Date. 

Gauge. 

per  second. , 

1881. 

per  aec6nd. 

— 

persecond. 

1881. 

1 

1 

1881. 

May  19 

20.00 

922 

Ang.   5 

9.50 

284  1 

Oct.    22 

12.40 

862 

20 

27.80 

874 

6 

9.20 

276  1 

23 

12.50 

864 

21 

28.70 

*  832  I 

1              7 

9.00 

271  1 

24 

13.70 

-397 

22 

,25.40 

780  , 

8 

8.80 

267 

25 

14.50 

419 

23 

24.40 

744  ' 

9 

8.60 

263 

26 

15.10 

487 

24 

23.50 

711  ' 

1             10 

&30 

255 

27 

15.50 

451 

26 

22.60 

680  ' 

1             11 

8.00 

249 

28 

16.00 

469 

26 

21.80 

653  1 

;        12 

7.50 

287 

29 

16.20 

474 

27 

21.20 

634 

'            13 

7.10 

228 

30 

16.40 

477 

28 

20.80 

617  : 

14 

6.70 

216 

81 

16.40 

477 

29 

20.20 

597  1 

15 

&30 

208 

Nov.    1 

16.30 

■      477 

30 

20.00 

590 

16 

5.80 

198 

2 

16.00 

469 

31 

19  70 

579 

17 

6.50 

102 

8 

15.80 

461 

June    1 

19.20 

563 

18 

5.10 

184 

4 

15.70 

457 

2 

ia40 

537 

10 

4.80 

178 

5 

15.80 

661 

8 

17.60 

511 

20 

4.60 

174 

6 

16.00 

469 

4 

16.80 

489 

21 

4.50 

172 

7 

16.10 

472 

5 

16.10 

472 

22 

4.40 

170 

8 

16.40 

479 

6 

16.50 

451 

23 

4.35 

169 

0 

17.00 

498 

7 

15.20 

441 

24 

4.30 

168 

10 

17.40 

502 

8 

16.10 

437 

25 

4.10 

164 

11 

17.80 

517 

9 

15.30 

444 

446 

26 

3.90 

160 

12 

17.90 

528 

10 

15.35 

27 

3.80 

158 

18 

laoo 

625 

11 

15.20 

441 

28 

3.70 

166 

14 

ia20  1               631 

12 

15.00 

434 

29 

3.65 

155 

15 

18.70  '               547 

13 

14.80 

428 

30 

8.40 

150 

16 

19.80  1               567 

14 

14.80 

428 

81 

3.80 

148 

17 

19.90  !.             586 

15 

15.00 

434 

Sept    1 

3.10 

144 

18 

20.50 

607 

16 

15.70 

457 

2 

2.90 

140  ; 

19 

21.00  1               626 

17 

16.50 

482 

3 

2.80 

138 

20 

2L80 

658 

18 

17.30 

502 

4 

2.70 

136  ' 

21 

22.60 

680 

19 

l&OO 

525 

5 

2.50 

132  1 

22 

23.40  1               707 

20 

10.10 

560 

6 

■  2.40 

130 

23 

24.20                 786 

21 

20.40 

604 

7 

2.35 

131 

24 

24.  70  1              756 

22 

21.50 

644 

8 

2.30 

128 

25 

25. 10                 769 

23 

22.30 

669 

9 

2.25 

127  ' 

26 

26.25                774 

24 

22.70 

688 

10 

2.20 

126   ; 

27 

25.25                 774 

25 

22.80 

687 

11 

2.10 

124 

28 

26. 10                 769 

26 

22.60 

680 

12 

2.10 

124 

29 

25. 10                 760 

27 

22.10 

662 

13 

2.20 

126  1 

80 

26.20                 778 

28 

21.60 

647 

14 

2.20 

126  ' 

Deo.     1 

25.20 

778 

29 

2a  90 

621 

15 

2.30 

128 

2 

25.20 

778 

30 

20.30 

600 

16 

2.40 

130 

3 

25.10 

769 

July     1 

19.70 

579 

17 

2.50 

132 

4 

24.80 

759 

2 

18.20 

531 

18 

2.60 

134 

5 

24.30 

740 

8 

ia70 

547 

19 

2.80 

188 

6 

23.40 

707 

4 

18.30 

534 

20 

2.00 

140 

7 

22.40 

673 

5 

18.10 

528 

21 

3.20 

146 

'              8 

21.10 

628 

6 

18.20 

531 

22 

3.70 

156 

9 

19.70 

579 

7 

ia45 

538 

23 

4.10 

164 

10 

18.40 

537 

8 

1&70 

547 

24 

4.20 

166 

11 

17.20 

499 

9 

18.70 

547 

25 

4.30 

168 

12 

16.00 

469 

10 

18.50 

540 

26 

4.30 

168 

18 

16.20 

441 

11 

18.00 

625 

27 

4.80 

168 

14 

14.60 

422 

12 

17.30 

502 

28 

4.90 

180 

15 

14.00 

406 

13 

16.40 

470 

29 

5.80 

198 

16 

13.50 

391 

14 

15.30 

444 

30 

6.10 

204 

17 

13.40 

388 

15 

14.20 

411 

Oct.     1 

6.20 

206 

18 

18.40 

388 

16 

18.20 

382 

2 

a25 

207  ! 

19 

18.30 

385 

17 

12.50 

364 

3 

6.30 

208 

20 

15.00 

434 

18 

12.30 

360 

4 

6.50 

212 

21 

16.40 

479 

19 

12.30 

360 

5 

6.90 

222 

22 

18.10 

528 

20 

12.30 

860 

6 

7.80 

245  1 

28 

20.00 

590 

21 

13.00 

376 

I             7 

8.90 

260 

24 

21.60 

647 

22 

13.80 

885 

8 

10.00 

997  1 

25 

23.00 

693 

28 

13.50 

391 

9 

10.80 

321 

26 

24.20 

736 

24 

13.70 

397 

10 

11.30 

836 

27 

25.30 

776 

26 

13.90 

403 

11 

11.70 

846 

28 

26.50 

824 

26 

14.00 

406 

12 

12.20 

358 

29 

27.40 

858 

27 

13.00 

403 

13 

12.60 

366 

30 

2&10 

886 

28 

18.80 

400 

14 

12.80 

872 

81 

28.60 

906 

29 

18.00 

894 

15 

12.90 

874 

1882. 

80 

18.30 

886 

16 

13.00 

876 

Jan.     1 

2a9 

918 

81 

12.70 

369 

17 

13.00 

376  1 

2 

29.2 

930 

Auff.    1 

11.90 

852 

18 

12.90 

374  1 

3 

29.8 

935 

2 

11.10 

880 

19 

12.70 

869 

4 

29.4 

939 

8 

10.40 

809 

20 

12.50 

364 

5 

39.4 

939 

4 

10.80 

806 

21 

12.40 

362  1 

6 

29.8 

985 
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Table  showing  daily  discharge  of  tke  Mississ^pi  Riter^  at  MeikphiSf  Tenn»y  ^o. — Continued. 


1 

Discharge 

in  1,000 
cubic  feet 

Discharge 

in  1,000     1 
cubic  feet 

■ 

Discharge 

in  1,000 
onbio  feet 

Date. 

Oavge. 

Date. 

Gaage. 

Date. 

Gauge. 

per  second. 

1882.     1 

per  second. 

t 

1 
1 

per  second. 

1882. 

t 

1882. 

Jan.     7  1 

20.3 

935 

Mar.  26  ' 

33.7 

1,125 

June  12 

81.5 

1,026 

8  < 

29.2 

930 

27 

33.5 

1.117 

13 

81.4 

1,022 

0 

29.0 

922 

28 

83.4 

1,113 

14 

31.8 

1,018 

10 

28.6 

914 

29 

83.2 

1,105 

15 

80.9 

1,001 

11 

28.75 

912 

30 

88.0 

1,097 

16 

80.1 

969 

12 

28.6 

906 

81 

82.85 

.    1.089 

17 

29.2 

930 

13 

28.9 

918 

Apr.     1 

82.7 

1,082 

18 

28.4 

896 

14 

29.1 

926 

2 

82.55 

1,074 

19 

27.6    1 

866 

15 

29.4 

089 

8 

82.4 

1.067  j 

20 

27.2    1 

850 

16 

29.8 

955 

4 

82.4 

1,067  ! 

21 

27.2 

850 

17 

30.5 

967 

5 

32.25 

1,059  : 

22 

27.8 

874 

18 

31.0 

1.005 

6 

82.15 

1.054 

28 

28.5 

902 

10 

31.4 

1,032 

7 

81.9 

1,042 

24 

29.0 

022 

20 

31.7 

l»l»34 

8 

81.45 

1,024 

25 

29.2 

980 

21 

32.0 

1.047  i 

8 

80.7 

993  ' 

26 

29.3 

935 

22 

32.3 

1,062 

10 

29.9 

960  1 

27 

29.4 

939 

28 

32.7 

1,082 

11 

29.2 

930  1 

1            28 

29.5 

948 

24 

32.9 

1,092 

12 

28.8 

914 

i            29 

29.5 

948 

25 

33.2 

1,105 

13 

28.5 

902 

80 

29.1 

#26 

26 

33.4 

1,113 

14 

28.3 

894  1 

July     1 

28.8 

914 

27 

38.6 

1,121 

15 

28.0 

882  1 

1              2 

28.5 

902 

88 

33.9 

1,133 

16 

27.75 

872  , 

8 

28.2 

890 

29 

34.0 

1,137  , 

17 

27,5 

862 

4 

28.1 

886 

30 

34.1 

1, 142  ' 

18 

27.5 

862 

5 

28.0 

882 

31 

34.1 

1,142 

19 

27.6 

866 

6 

28.0 

882 

3^b.     1 

34.15 

1,144 

20 

27.5 

862 

7 

28.5 

902 

2 

34.0 

1,137 

21 

27.1 

847  , 

8 

2a9 

918 

8 

34.0 

1,137 

22 

26.5 

824 

9 

29.2 

980 

4 

34.15 

1,144 

28 

25.7 

792 

10 

29.5 

943 

5 

84.1 

1.142 

^ 

24.9 

762  , 

U 

29.7 

951 

6' 

84.1 

1,142 

'            25 

24.1 

733 

12 

30.0 

965 

7 

84.25 

1,149 

26 

23.4 

707 

18 

29.8 

956 

8 

34.25 

1,149 

1            27 

23.0 

693 

14 

29.65 

949 

9 

84.3 

1,161 

1            28 

23.6 

680 

1            1* 

29.2 

980 

10 

34.3 

1,151 

29 

23.4 

707 

16 

28.5 

902 

11 

34.25 

;           1, 149 

30 

23.75 

720 

17 

27.8 

874 

12 

34.25 

1,149 

May     1 

24.1 

733 

18 

27.1 

847 

18 

34.25 

1, 149 

'     2 

24.8 

740 

19 

26.3 

816 

14 

84.25 

1,149 

8 

24.4 

744 

20 

25.5 

784 

15 

84.25 

1,149 

4 

24.5 

1               747 

21 

24.6 

751 

16 

34.15 

1,144 

5 

24.6 

1               751 

1            22 

23.7 

718 

17 

84.1 

1,142 

6 

24.7 

1               755 

'            23 

23.0 

693 

18 

34.05 

1,139 

7 

!           24.7 

1               755 

24 

22.5 

676 

19 

84.0 

1,137 

1              8 

24.6 

751 

1            25 

21.9 

656 

20 

88.95 

1,135 

'              9 

24.6 

751 

26 

21.3 

,               637 

21 

83.95 

1,135 

10 

25.2 

773 

27 

20.3 

!               600 

22 

88.90 

1,133 

11 

26.85 

838 

28 

19.3 

667 

23 

33.05 

1,135 

12 

.           28.50 

902 

29 

ia2 

531 

24 

34.0 

1,137 

18 

29.30 

935 

1            30 

17.2 

499 

25 

84.05 

1,139 

14 

30.0 

965 

31 

16.3 

477 

26 

34.15 

1,144 

15 

30.5 

967 

Aug.    1 

15.5 

451 

27 

84.2 

1,147 

16 

3L1 

,009 

2 

15.0 

434 

28 

34.55 

1,162 

17 

31.5 

1.026 

8 

14.5 

419 

Mar.    1 

,           34.6 

1,165 

18 

31.7 

1,034 

4 

14.3 

414 

^■&VBa9            "^ 

2 

84.8 

1,174 

19 

31.9 

1,042 

1              ^ 

14.0 

406 

8 

34.8 

1,174 

20 

82.  U 

1,047 

'             6 

13.7 

397 

4 

34.8 

1,174 

21 

,           82.1 

1,052 

7 

13.7 

397 

6 

84.8 

1,174 

■            22 

32.2 

1,057 

8 

14.4 

416 

6 

35.15 

1,188 

i            23 

32.2 

1. 057 

9 

15.2 

441 

7 

35.05 

1,184 

24 

32.2 

1,057 

10 

1&9 

465 

8 

85.00 

1,182 

25 

32.2 

1,057 

11 

16.1 

472 

0 

1           35.15 

1.188 

26 

32.15 

1,054 

12 

16.0 

469 

10 

35.00 

1.182 ; 

27 

32.1 

1,052 

lA 

16.8 

461 

11 

35.00 

1,182 

28 

81.95 

1,044 

14 

15.6 

454 

12 

1           84.8 

1,174 

29 

31.65 

1.032 

15 

15.8 

44< 

13 

34.7 

1.169  , 

30 

31.20 

1,014 

16 

15.0 

43 

14 

34.55 

1,162 

31 

30.7 

1993 

17 

14.6 

42 

15 

35.55 

1,162 

Jnoa   1 

30.35 

979 

18 

14.1 

40 

16 

84.45 

1,158 

2 

30.3 

977 

1            19 

ia8 

40 

17 

84.4 

1,166 

8 

80.4 

961 

20 

18.6 

39 

18 

84.3 

1,151 

4 

30.6 

989  , 

21 

13.4 

88 

10 

84.25 

1,149 

5 

80.8 

997  1 

22 

18.2 

38 

20 

84.2 

1, 147 

6 

80.9 

1.001 

28 

12.8 

87 

21 

84.15 

1,144 

7 

81.1 

1,009 

24 

12.3 

36 

22 

34.05 

1,139 

8 

81.25 

1,016 

25 

11.8 

84 

23 

84.5 

1,160  , 

9 

81.4 

1,022 

26 

1L3 

83 

24 

83.9 

1,188  , 

10 

8L5 

1,026 

27 

10.8 

32 

25 

88.8 

1,129 

11 

81.5    < 

1,026 

28 

10.2 

80 
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Table  9hawi7tg  daily  di9ckarge  of  AfiBsianppi  Itiver  at  Memphis^  Tenn^,  ^o. — Continued. 


,  Discbarge 

Diacbarge 

1 

Discbarge 

in  1,000 
onblc  feet 

Date. 

Gauge. 

1     in  1,000 
cubic  feet 

Date. 

Gauge. 

in  1,000 
cubic  feet 

Date. 

Gange. 

per  second. 

per  second. 

per  second. 

1882. 

1882. 

1 

1882. 

Aug.  29 

9.5 

284 

Oct    10 

5.4 

190 

Nov.  21 

7.25 

231 

80 

9.0 

271 

11 

5.4 

190 

22 

7.25 

281 

31 

8.9 

269 

12 

5.4 

190 

23 

7.00 

225 

Sept    1 

8.9 

269 

13 

5.4 

190 

24 

6.75 

217 

3 

8.8 

267 

14 

5.4 

190 

25 

6.60 

214 

8 

a8 

267 

15 

6.85 

189 

26 

6.55 

218 

4 

&8 

267 

16 

5.22 

186 

27 

6.50 

212 

5 

&75 

266 

17 

5.13 

184 

28 

6.45 

211 

6 

8.75 

266 

18 

5.13 

184 

29 

6  40 

210 

7 

&85 

268 

19 

4.84 

179 

30 

6.35 

209 

8 

&90 

269 

20 

4.68 

175 

Deo.     1 

6.30 

208 

0 

9.25 

277- 

21 

4.56 

173 

2 

6.25 

207 

10 

9.45 

282 

22 

4.55 

173 

8 

6.25 

207 

11 

9.56 

283 

23 

4.47 

171 

4 

6.30 

208 

12 

9.55 

283 

24 

4.47 

171 

5 

6.40 

210 

IS 

9.40 

281 

25 

4.84 

178 

6 

6.40 

210 

14 

9.25 

277 

26 

4.88 

180 

7 

6.45 

211 

15 

9.00 

271 

27 

4.97 

181 

8 

6.60 

214 

16 

&50 

260 

28 

4.97 

181 

9 

6.80 

219 

17 

8.30 

255 

29 

4.97 

181 

10 

6.60 

214 

18 

8.25 

254 

80 

4.93 

181 

11 

6.50 

212 

10 

8.25 

254  I 

31 

&01 

182 

12 

6.25 

207 

ao 

9.00 

271 

Nov.    1 

5.13 

384 

13 

6.00 

202 

21 

10.00 

297 

2 

5.18 

185 

14 

5.70 

196 

22 

10.50 

312 

8 

6.22 

186 

15 

5.25 

187 

28 

11.40 

338 

4 

5.22 

186 

16 

4.85 

179 

24 

11.25 
11.40 

334  1 

5 

5.34 

188 

1            17 

4.45 

171 

25 

338  < 

6 

5.43 

190 

18 

4.20 

166 

26 

9.80 

292 

7 

5.47 

191  1 

19 

4.00 

162 

27 

9.25 

277 

8 

5.51 

192  1 

20 

3.75 

157 

28 

8.55 

261 

9 

5.52 

192 

21 

3.50 

152 

29 

&00 

249 

10 

5.54 

192 

22 

3.55 

153 

80 

7.30 

233 

11 

5.55 

193 

23 

8.75 

157 

Oct.     1 

6.8 

219 

12 

5.97 

193 

24 

4.15 

166 

2 

6.3 

208 

18 

6.18 

205  , 

25 

4.90 

180 

3 

6.0 

202 

14 

6.26 

207 

26 

5.07 

183 

4 

&8 

198 

15 

&47 

211  1 

27 

6.30 

206 

5 

5.75 

197 

16 

6.76 

217 

28 

7.20 

230 

6 

5l45 

191 

17 

6.85 

220 

29 

8.20 

253 

7 

5.45 

191 

18 

7.00 

225 

30 

9.00 

271 

8 

6.4 

190 

19 

7.10 

228 

31 

9.70 

289 

9 

5.4 

190 

20 

7.20 

230 

t 

Table  ehowing  daily  diaoharge  of  the  Misaiesippi  River  at  Carrollton,  La.y  January  1, 1881, 

to  January  1,  1883. 

(Compnted  fh>ni  the  gange  readinin  by  a  formula  deduced  from  discbarge  observations  at  the  sam^ 

point  extending  from  December,  1879,  to  October,  1880.] 


Date. 

Gauge. 

Discharge 

in  1,000 
cubic  feet 

Date. 

Gauge. 

Discharge 

in  1,000 
cubic  feet  | 

Date. 

Gauge. 

Discharge 

inl.OOa 
cubic  feet 

per  second. 

per  second.! 

1881. 

per  second. 

188L 

1881. 

1 

Jan.     1 

1 

Jan.   20 
21 

2.1 
2.0 

296 
292 

Feb.     8 
9 

10.4 
10.4 

681 

2 

5.3 

438  1 

681 

3 

6.1 

428 

22 

2.1 

296 

10 

10.0 

661 

4 

5.6 

451 

28 

2.4 

308 

11 

10.1 

666 

6 

5u0 

424 

24 

3.0 

833 

12 

9.9 

656 

6 

4.6 

406 

25 

3.2 

342 

18 

9.6 

641 

7 

4.8 

393 

26 

3.6 

361 

14 

9.8 

626 

8 

3.9 

374 

27 

4.1 

383 

15 

9.3 

626 

9 

3.9 

374 

28 

4.8 

415  ; 

16 

9.3 

626 

10 

8.5 

356 

29 

5.6 

451  1 

17 

9.4 

681 

11 

2.9 

829 

30 

6.5 

402 

18 

9.8 

651 

12 

2.5    1 

312 

31 

7.2 

530 

19 

10.3 

676 

18 

2.4 

308  , 

Feb.     1 

7.9 

562 

20 

10.6 

691 

14 

2.1 

296 

2 

&3 

578 

21 

10.8 

701 

15 

2.6 

816  1 

3 

8.6 

501 

22 

11.8 

726 

16 

2.6 

292 

4 

&9 

1               606 

28 

11.4 

731 

17 

1.9 

288 

5 

9.3 

626 

24 

1L6 

742 

18 

L8 

284 

6 

10.0 

661 

25 

1L9 

768 

19 

1.8 

284  1 

7 

10.6 

691 

26 

12.0 

764 
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Table  showing  daily  discharge  of  MiseUaipj^  Biver  €U  Carrolltony  La,y  ^c. — Continued. 


Bate.        Gauge. 


1881. 
Feb. 

Mar. 


Apr. 


May 


1. 

27 

12.3 

28 

12.1 

1 

12.2 

2 

12.0 

3 

12.1 

4 

12.2 

6 

12.2 

6 

12.1 

7 

12.2 

8 

12.0 

9 

12.0 

10 

12.2 

11 

12.3 

12 

12.4 

13 

12.3 

14 

12.4 

16 

!     12.5 

10 

12.5 

17 

12.4 

18 

12.3 

19 

12.3 

20 

12.2 

21 

12.8 

22 

11.9 

28- 

1     12.1 

24 

12.1 

25 

,     12.1 

26 

12.2 

27 

12.2 

28 

12.3 

29 

12.4 

30 

12.25 

81 

12.2 

1 

12.2 

2 

12.2 

8 

12.2 

4 

12.8 

5 

12.3 

6 

12.3 

7 

12.3 

8 

12.4 

9 

12.4 

10 

13.4 

11 

12.4 

12 

12.55 

18 

12.5 

14 

12.8 

15 

12.8 

16 

12.2 

17 

12.0 

18 

12.1 

19 

12.1 

20 

13.0 

21 

12.1 

23 

12.1 

28 

12.2 

24 

12.4 

25 

12.2 

26 

12.3 

27 

12.2 

28 

12.1 

29 

12.0 

80 

12.0 

1 

U.9 

3 

11.9 

8 

12.0 

4 

11.9 

5 

11.9 

6 

12.1 

7 

12.1 

8 

12.8 

9 

12.2 

10 

12.8 

11 

12.3 

12 

12.8 

18 

12.1 

14 

12.2 

16 

12.2 

Disohargo 

in  1,000 
onbio  feet 
per  second. 


Date.        Gauge. 


1881. 


780 

May  16 

12.1 

769 

17 

12.0 

774 

18 

12.1 

764 

19 

12.1 

769 

20 

12.1 

774 

21 

12.25 

774 

22 

12.3 

769 

1     23 

12.3 

774 

24 

12.8 

764 

25 

12.3 

764 

26 

12.4 

774 

27 

12.3 

780 

28 

12.3 

785 

!     29 

12.8 

780 

30 

12.4 

786 

31 

'           12.3 

790 

June  1 

1     12.8 

790 

2 

12.2 

785 

3 

12.2 

780 

4 

12.2 

780 

'      5 

12.2 

774 

1      « 

12.2 

780 

1      7 

12.2 

768 

8 

12.2 

760 

9 

12.0 

769 

10 

12.  ff 

769 

" 

11.9 

774 

12 

11.6 

774 

18 

1L3 

780 

14 

11.1 

785 

15 

10.9 

777 

16 

10.8 

774 

17 

10.7 

774 

18 

10.6 

774 

19 

10.3 

774 

20 

10.2 

780 

21 

10.1 

780 

22 

10.0 

780 

23 

9.75 

780 

24 

9.6 

785 

25 

i9.6 

786 

26 

9.6 

785 

27 

9.6 

785 

28 

9.8 

792 

29 

9.9 

790 

80 

9.96 

780 

July  I 

9.9 

780 

2 

9.9 

774 

8 

10.0 

784  ' 

4 

10.0 

769  1 

i    ^ 

9.9 

769  . 

0 

9.8 

764 

7 

9.6 

769 

8 

9.4 

769 

!      9 

9.2 

774  , 

10 

9.1 

785 

11 

8.7 

774 

12 

8.8 

780 

18 

&1 

774 

14 

7.9 

769 

15 

7.9 

764 

16 

7.7 

764  ! 

17 

7.4 

758  ; 

18 

7.1 

758  1 

19 

6.7 

764 

20 

6.3 

758 

21 

6.6 

758 

22 

4.9 

769 

28  1 

4.3 

769 

24 

8.9 

780 

26 

8.7 

774 

26 

8.4 

774 

27 

3.3 

780 

28 

8.2 

774 

28 

8.8 

769 

80 

8.4 

774 

81 

3.4 

774 

Aug.  1 

8.9 

Discbarge 

in  1,000 
cubic  feet 

Discbarge 

in  1,000 

cubic  feet 

Date. 

Gauge. 

per  second. 

1 

1 

* 

'     1881. 

per  second. 

769  ' 

Aug.  2 

4.3 

393 

764 

3 

4.4 

397 

769 

,      4 

3.9 

374 

769 

!      5 

8.6 

861 

769 

6 

3.3 

347 

777 

7 

3.2 

343 

780 

8 

2.8 

325 

780 

9 

2,5 

312 

780 

10 

2.1 

296 

780 

11 

1.9 

288 

785 

12 

L7 

280 

780 

13 

L7 

280 

780  . 

14 

1.7 

280 

780 

15 

1.6 

276 

785  ' 

16 

1.8 

284 

780 

17 

2.0 

292 

780 

18 

2.0 

292 

774 

19 

1.7 

280 

774 

20 

1.4 

267 

774 

21 

1.1 

265 

774 

22 

1.0 

261 

774 

23 

1.0 

261 

774 

24 

!      0.8 

243 

774 

25 

0.8 

242 

764 

26 

1.0 

351 

764 

1     27 

1.0 

251 

758 

28 

0.7 

238 

742 

29 

0.8 

342 

726  , 

'     80 

0.8 

242 

716  ' 

;     31 

1.3 

263 

706  ' 

Sept.  1 

L4 

267 

701 

2 

1.5 

272 

696 

3 

1.5 

272 

686 

4 

1.4 

267 

676 

5 

1.8 

263 

671 

6 

1.1 

266 

666 

1      7 

0.8 

242 

661 

8 

0.7 

238 

648 

9 

0.5 

230 

641 

10 

0.3 

232 

641  ! 

11 

0.4 

226 

641 

12 

0.6 

284 

641 

13 

0.8 

243 

651 

14 

1.16 

257 

656 

15 

1.5 

378 

658 

16 

1.1 

256 

056 

17 

1.1 

256 

656 

18 

1.8 

203 

681 

19 

1.2 

250 

661  1 

20 

1.9 

251 

656  1 

31 

0.9 

246 

051 

22 

0.7 

238 

641 

28 

a66 

236 

631 

24 

0.7 

238 

621 

26 

0.8 

343 

616 

26 

LO 

251 

596 

27 

L2 

259 

578 

28 

1.4 

267 

670 

29 

1.4 

207 

502 

80 

1.8 

284 

562 

Oot.   1 

2.0 

292 

564 

3 

1.9 

288 

641 

8 

L8 

284 

525 

4 

1.4 

287 

508 

6 

LI 

266 

483 

6 

L2 

250 

461 

7 

2.1 

290 

420 

8 

1.8 

284 

898 

9 

1.6 

270 

374 

10 

L4 

207 

865 

11 

L7 

280 

851  1 

12 

t.0 

290 

847 ; 

18 

2.2 

300 

842 

14 

2.3 

300 

847 

15 

3.4 

306 

351 

16 

2.6 

812 

861 

17 

3.7 

830 

874 

18 

2.76 

823 

BEPOET   OF   THE   HIRSISSIPPI   BIVEH   COMMISSION. 


279 


Table  ihatcing  daily  discharge  of  MisHsaij^  Biver  at  Carrolltoitf  La.y  ^c. — Continued. 


Date. 

Gauge. 

Discharge 

in  1,000 
cubic  feet 

1  Date. 

Gauge. 

Discharge 

in  1,000 
cubic  feet 

|j  Date. 

Gauge. 

i  Discharge 
1  in  1,00(1 
cubic  feet 



per  second. 

per  second. 

-  - 

per  second. 

1^1. 

'  1882. 

j  1882. 

Oct.  1» 

2.75 

322 

Jan.  4 

9.9 

656 

'  Mar.  23 

14.65 

004 

20 

2.75 

822 

5 

10.0 

661 

24 

14.65 

0p4 

21 

2.85 

327 

6 

10.4 

681 

25 

14.8 

912 

22 

:     2.9 

329 

1      7 

10.7 

696 

26 

14.8 

912^ 

33 

2.9 

329 

8 

10.9 

706 

27 

14.05 

921. 

24 

3.0 

333 

0 

ILl 

716 

28 

14.0 

918 

25 

2.9 

320 

10 

11.2 

721 

20 

14.75 

900 

26 

2.9 

320 

11 

11.2 

721 

30 

14.65 

004 

27 

3.0 

333 

12 

11.2 

721 

31 

14.6 

901 

28 

3.5 

356 

13 

11.2 

721 

Apr.  1 

14.6 

901 

20 

4.0 

379 

1  •    14 

U.3 

726 

2 

14.65 

904 

80 

4.4 

307 

15 

11.3 

726 

8 

14.6 

901 

31 

4.1 

383 

16 

11.4 

731 

4 

14.6 

901 

^ov.  1 

4.1 

383 

17 

11.7 

747 

5 

14.6 

901 

.  2 

4.2 

388 

18 

1L6 

742 

6 

14.6 

901 

3 

4.2 

388 

19 

11.7 

747 

7 

14.4 

890 

4 

4.3 

393 

20 

11.8 

753 

8 

14.4 

890 

5 

4.4 

397 

21 

12.1 

769 

0 

14.2 

879 

6 

4.5 

402 

22 

12.2 

774  ' 

10 

14.1 

874 

7 

4.9 

420 

28 

12.3 

780 

11 

14.1 

874 

8 

4.8 

415 

24 

12.3 

780 

12 

14.2 

879 

0 

4.8 

415 

1     25 

12.5 

790 

18 

14.3 

884 

10 

4.8 

415  I 

26 

12.4 

785  I 

14 

14  15 

876 

11 

5.0 

424 

27 

12.3 

780  ! 

15 

14.15 

876 

12 

&2 

4:0 

28 

12.5 

790 

16 

14.1 

874 

13 

5.2 

433 

29 

12.6 

795 

17 

14.0 

869 

14 

5.3 

438 

30 

12.7 

800 

18 

14.0 

868 

15 

5.3 

438 

81 

12.7 

800 

10 

13.9 

864 

16 

5.45 

444 

Feb.  1 

12.7 

800 

20 

13.9 

864 

17 

5.7 

455 

2 

12.7 

800 

21 

13.75 

855 

18 

5.8 

460 

8 

12.85 

807 

22 

13.0 

864 

10 

5.8 

460 

4 

12.8 

805 

28 

18.7 

858 

20 

6.8 

478 

5 

12.7 

800 

24 

13  6 

848 

21 

6.2 

478 

6 

12.7 
12.8 

*  800 

25 

18.5 

842 

22 

6.7 

503 

7 

805 

26 

13.5 

848 

28 

7.2 

530 

8 

12.9 

810 

27 

13.45 
13.45 

830 

24 

7.4 

541 

9 

13.0 

816 

28 

830 

25 

7.6 

550 

10 

12.9 

810 

20 

13.6 

848 

26 

7.8 

538 

11 

13.0 

816 

80 

13.5 

842 

27 

&1 

570 

12 

13.0 

816 

May  1 

13.45 

880 

28 

&8 

578 

18 

18.1 

821 

2 

13.4 

886 

20 

8.6 

501 

14 

13.1 

821 

8 

13.3 

881 

80 

8.0 

606 

15 

18.2 

826 

4 

18.2 

826 

Dec  1 

0.0 

611 

16 

13.2 

826 

5 

13.2 

826 

2 

0.2 

621 

17 

18.2 

826 

6 

13.2 

826 

8 

0.4 

681 

18 

13.3 

881 

7 

18.1 

8A 

4 

0.4 

681 

19 

13.4 

886 

8| 

13.2 

826 

5 

0.5 

636 

20 

13.4 

886 

0 

13.1 

821 

6 

0.7 

646 

21 

13.6 

842 

10  . 

18.1 

821 

7 

0.7 

646 

22 

13.4 

836 

11  ' 

13.2 

826r 

8 

0.8 

651 

23 

13.4 

886 

12 

lao 

816 

0 

0.0 

666 

24 

13.4 

886 

18 

12.0 

810 

10 

0.0 

666 

25 

18.6 

848 

14 

12.0 

810 

11 

9.8 

661 

>   26 

18.7 

853 

15 

12.0 

810 

12 

0.6 

651 

27 

18.8 

858 

16 

12.8 

806 

18 

0.6 

641 

28 

14.0 

868 

17 

12.7 

800 

14 

0.5 

636 

Mar.  1 

14.1 

874 

18 

12.8 

805 

15 

&0 

606 

2 

14.0 

860 

10 

12.7 

800 

16 

8.7 

506 

3 

14.1 

874 

20 

12.8 

805 

17 

8.4 

582 

4 

14.1 

874 

21 

12.8 

805 

18 

8.2 

574 

5 

14.2 

870 

22 

12.8 

805 

10 

7.8 

658 

6 

14.3 

884 

1     23 

12.7 

800 

20 

7.5 

546 

7 

14.4 

800 

24 

12.8 

805 

21 

7.2 

580 

8 

14.6 

901 

25 

12.8 

806 

22 

6.8 

608 

9 

14.7 

007 

26 

12.8 

805 

23 

6.5 

402 

10 

14.6 

001 

27 

12.8 

806 

24 

6.2 

478 

11 

14.7 

007 

28 

12.8 

805 

26 

6.8 

488 

12 

14.8 

012 

28 

12.7 

800 

26 

6i5 

402 

18 

14.75 

000 

30 

12.7 

800 

27 

6.6 

402 

14 

14.7 

007 

81 

12.6 

705 

28 

&0 

514 

15 

14.75 

000 

Jime  1 

12.6 

705 

20 

7.8 

586 

16 

14.8 

012 

2 

12.6 

700 

80 

7.6 

546 

17 

14.8 

012 

8 

12.5 

700 

81 

8.0 

566 

18 

14.0 

018 

4 

12.4 

785 

1882. 

19 

14  8 

012 

5 

12.4 

786 

Jaa.  1 

8.5 

586 

20 

14.0 

019 

6 

12.4 

786 

2 

ao 

606 

21 

14.0 

018 

7 

12.5 

700 

8 

8.6 

686 

!     22 

14.8 

012 

8 

12.7 

800 

280 
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Table  ehowing  daily  discharge  of  the  Misnssippi  Biver  at  Carrolltony  La,,  4'c, — Continued . 


Discharge 

Discharge 

1 

Discharge 

Bate. 

Gauge. 

in  1,000 
cubic  feet 

Date. 

Gauge. 

in  1,000 
cubic  feet 

Date. 

Gauge. 

in  1,000 
cubic  ih.et 

pereecond 

\ 

per  second. 

per  second. 

1882. 

1882. 

1882. 

June    9 

12.8 

805 

Aug.  17 

7.9 

662 

Oct    25 

i.2 

269 

10 

12.6 

805 

18 

7.8 

658 

26 

1.2 

259 

11 

12.8 

805 

19 

7.6 

560 

27 

1.2 

259 

12 

12.7 

800  : 

20 

7.5 

546! 

28 

1.25 

261 

18 

12.6 

795 

21 

7.4 

541  ; 

29 

1.6 

272 

14 

12.6 

795 

22 

7.8 

586 

80 

L85 

286 

15 

12.6 

795 

.      23 

7.1 

525 

31 

2.0 

292 

16 

12.6 

795 

24 

6.7 

508 

Nov.    1 

2.0 

292 

17 

12.55 

792 

25 

6.4 

487 

2 

1.8 

284 

18 

12.55 

792 

26 

6.1 

474 

3 

1.8 

284 

19 

12.55 

795 

27 

5.8 

460 

4 

L7 

280 

20 

12.50 

790 

28 

5.6 

451 

5 

1.6 

276 

21 

12.50 

790 

29 

5.4 

442 

6 

1.5 

272 

22 

12.4 

785 

80 

5.0 

424 

7 

1.2 

269 

28 

12.5 

790 

81 

4.9 

420 

,              8 

1.0 

251 

24 

12.5 

790 

Sept.   1 

4.6 

406 

1              9 

1.1 

265 

25 

12.5 

790 

2 

4.4 

897 

10 

LI 

266 

26 

12.5 

790 

8 

\ 

11 

1.1 

265 

27 

12.5 

790 

4 

12 

1.4 

267 

28 

12.6 

795 

5 

18 

1.8 

284 

29 

12.6 

795 

6 

\        (*) 

;            14 

1.7 

280 

80 

12.6 

795 

7 

1            15 

L7 

280 

July    1 

12.5 

790 

8 

16 

L7 

280 

/     2 

12.5 

790 

9 

j 

17 

1,7 

280 

3 

12.45 

787 

10 

2.7 

320 

18 

1.7 

280 

4 

12.4 

785 

11 

2.7 

820 

19 

L7 

280 

6 

12.4 

785 

12 

2.7 

820 

20 

1.6 

276 

6 

12.4 

785 

13 

2.6 

816 

21 

1.4 

267 

7 

12.4 

785 

14 

2.6 

816 

'    22 

1.4 

267 

8 

12.4 

785 

15 

2.6 

316 

28 

L4 

267 

9 

12.4 

785 

16 

2.75 

822 

24 

L6 

276 

10 

12.85 

782 

17 

2.7 

320 

25 

2.0 

292 

11 

12.35 

782 

.18 

2.6 

316 

26 

2.4 

808 

12 

12.85 

782 

19 

•  2.6 

316 

27 

2.0 

829 

18 

12.85 

782 

20 

2.6 

316 

28 

2.7 

820 

14 

12.35 

782 

21 

2.75 

822 

99 

2.7 

820 

16 

12.3 

780 

22 

2.75 

822 

80 

2.65 

818 

16 

12.2 

774 

28 

2.75 

822 

Deo.     1 

2.5 

312 

17 

12.2 

774 

24 

2.55 

314 

2 

2.4 

808 

18 

12.2 

774 

25 

2.35 

806 

3 

2.6 

312 

19 

12.1 

769 

26 

2.85 

806 

4 

2.7 

880 

20 

12.2 

774 

27 

2.85 

806 

5 

2.8 

325 

21 

12.1 

769 

28 

2.60 

816 

6 

2.9 

829 

22 

12.2 

774 

29 

2.9 

329 

7 

2.9 

829 

28 

12.1 

709 

80 

8.2 

842 

8 

8.0 

888 

24 

12.2 

774 

Oct     1 

8.4 

851 

9 

8.0 

888 

26 

12.2 

774 

2 

3.2 

842 

10 

2.8 

826 

26 

12.2 

774 

3 

3.2 

i               342 

11 

2.8 

325 

27 

12.1 

769 

4 

3.1 

338 

12 

2.8 

325 

28 

12.0 

764 

5               2.9 

329 

IS 

2.85 

|327 

29 

12.0 

764 

6 

2.6 

316 

14 

2.9 

829 

80 

11.9 

758 

7 

2.4 

808 

^  1* 

8.0 

338 

81 

11.9 

758 

8 

2l4 

^ 

'  16 

2.9 

389 

Ang.    1 

11.7 

747 

9 

2.4 

868 

17 

2.9 

829 

*     2 

11.7 

747 

10 

2.2 

300 

18 

&0 

888 

3 

11.5 

786 

11 

1.9 

288 

19 

3.0 

888 

4 

11.6 

736 

^      12 

L5 

272 

20 

8.2 

842 

5 

1L4 

781 

18 

1.4 

267  ! 

21 

8.0 

888 

6 

ILl 

716 

14 

1.5 

272  ; 

22 

8.1 

838 

7 

10.8 

701 

15 

1.5 

272  , 

23 

2.9 

329 

8 

10.6 

686 

16 

1.6 

276  , 

24 

2.9 

829 

9 

10.0 

661 

17 

18 

284 

25 

2.6 

316 

10 

9.7 

646 

18 

1.7 

280 

26 

2.4 

808 

11 

9.8 

626 

19 

1.9 

288 

27 

2.2 

800 

12 

8.9 

606 

80 

2.2 

300 

28 

2.0 

292 

18 

a5 

586 

21 

2.0 

292 

29 

1.9 

288 

14 

&3 

578 

22 

1.7 

260 

80 

1.8 

284 

15 

ai 

570 

23 

1.6 

272 

81 

L8 

884 

16 

&0 

566 

24 

1.25 

261 

■ 

• 

* 

Qaage  dowx 

L 
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APPENDIX  G, 

bbpobt  of  assistant  snginber  j.  a.  ockbrson  on  changes  in  mississippi  rivbr 

between  oband  oulf  anp  donaldson ville. 

Office  Mississippi  River  Commission, 

Haint  LouiSy  Mo.y  September  15,  1883. 

Sir  :  While  in  the  field  tracings  were  made  of  local  maps  covering  the  river  from 
Grand  Gulf  to  New  Orleans,  with  a  view  to  a  study  of  the  changes  that  have  oc- 
oorred.  Between  Natchez  and  Bayou  Sara  special  pains  were  taken  to  identify  points 
of  the  old  surveys  and  connect  with  them.  From  Grand  Gulf  to  Fort  Adams  the  com- 
parisonH  were  made  with  the  land  surveys  of  1828.  These  maps  show  only  the  right 
bank  as  connected  with  the  township  and  other  lines,  while  the  left  hank  has  been 
sketched  in,  and  does  hot  represent  correctly  the  width  of  the  river.  The  relative  po- 
sitions of  the  river  bed  in  1828  and  1883  are  shown  in  Plates  1  and  2,  submitted  here- 
with. In  making  these  comparisons,  old  boundary  lines,  bayous,  lakes,  towns,  roads, 
&.C.,  which  were  common  to  the  two  surveys  were  used.  On  sheet  1  and  a  part  of  2, 
the  common  points  affreed  fairly  well.  From  Dead  Man's  Bend  to  Fort  Adams  the 
comparisons  are  not  reliable,  and  from  the  latter  point  down  to  Red  River  Landing 
the  discrepancies  between  the  two  surveys  are  so  great  that  they  could  not  be  har- 
monized. Throughout,  the  comparisons  must  not  be  regarded  as  exact,  but  will  serve 
to  indicate  in  a  general  way  what  changes  have  occurred  in  the  past. 

The  river  at  two  periods  55  years  apart  is  here  compared,  but  there  ma^  have  been 

greater  changes  during  that  period  than  are  here  shown.  Islands  and  battures  have 
oubtless  been  made  and  washed  away  again  during  the  interval.  For  more  than 
one-half  of  the  length  of  the  above  reach,  the  present  bed  of  the  river  is  entirely 
ontside  of  the  limits  of  the  bed  of  1828,  and  in  some  cases  it  is  several  miles  from  it. 

From  Red  River  Landing  to  Donaldsonville  a  better  couiparison  can  be  made  by 
using  the  survey  of  Humphreys  and  Abbot,  made  in  1851.  Tracings  of  the  latter,  on 
a  scfUe  of  1 :  10.000,  were  compared  with  the  surveys  of  1883  made  by  the  Mississippi 
River  Commission.  Numerous  points  on  the  old  survey,  such  as  angles  and  straight 
portions  of  levee,  plantation  lines,  churches,  towns,  roads,  bayousj  &.C.,  were  easily 
identified  and  agreed  very  closely  with  the  surveys  of  1883,  and  the  comparisons  shown 
on  sheets  3.  4,  and  5  may  be  considered  as  reliable.  There  was  some  doubt  about  the 
points  in  tne  vicinity  and  opposite  Baton  Rouge,  and  this  reach  has  been  omitted. 
The  Humphreys  and  Abbot  tracings  do  not  show  the  left  bank  of  the  river  above 
Baton  Rodge  except  in  the  vicinity  of  Red  River,  and  to  prevent  confusion  this  has 
been  sketched. 

The  lines  of  the  survey  of  1851  came  down  along  the  old  river;  hence  from  Raccourci 
cut-off  to  New  Texas  we  have  no  means  of  comparison. 

A  tracing  was  made  of  an  old  map  from  the  archives  at  Baton  Rouge,  showing  the 
bends  in  the  vicinity  of  Red  River  as  they  were  prior  to  1810.  This  map  showed  the 
State  line  between  Mississippi  and  Louisiana.  * 

The  position  of  these  bends,  as  shown  on  sketch,  with  reference  to  the  later  surveys 
dependb  on  the  State  line  and  on  the  river  bank  across  Routh's  Point,  which  is  still 
plainly  marked  and  apparently  common  to  the  three  surveys.  The  relative  positions 
are  therefore  approximate. 

An  examination  of  the  sketches  shows  that — 

The  bends  have  moved  down  stream ; 

The  islands  have  moved  down  stream ; 

The  preponderance  of  the  movement  of  the  river  as  a  whole  has  been  to  the  west ; 

The  bends  have  grown  longer.  From  Grand  Gulf  to  Fort  Adams  this  lengthening 
amounts  to  about  4  miles.    Below  Baton  Rouge  the  changes  are  comparatively  slight; 

The  changes  in  the  vicinity  of  the  two  cut-ofQi  near  Red  River  are  not  as  great  as 
at  distant  points  both  above  and  below; 

The  caving  has  been  very  much  the  greatest  on  the  upper  side  of  the  points. 

High-water  widths  of  the  river  between  Baton  Rouge  and  Donaldeonville, 

In  Humphreys  and  Abbot's  Report,  pages  118  and  119,  are  given  the  widths  of  the 
river  at  numerous  points.  From  Baton  Rouge  down  they  are  given  at  intervals  of 
about  4,000  feet.  Most  of  these  positions  are  easily  identified,  and  the  widths  as  given 
by  the  survey  of  1883  have  been  measured.  The  results  are  given  in  a  table  appended 
herewith. 

If  we  compare  the  last  68  sections  we  find  that  the  mean  width,  according  to  the 
survey  of  1851,  is  2,835  feet;  and  from  the  survey  of  1883  it  is  2,984  feet,  or  an  increase 
in  thirty-two  years  of  149  feet.  This  gives  an  average  of  a  little  less  than  5  feet  per 
year. 
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Widths  between  high-water  hanks. 


Ka 


Looalfty. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
U 
12 
13 
U 
15 
16 
17 
18 
10 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
81 
82 
88 
84 
85 
86 
87 
88 
89 
40 
41 
42 
48 
44 
46 
46 
47 
48 
49 
50 
51 
52 
58 
54 
55 
56 
57 
58 
59 
60 
61 
«2 
63 
«4 
«5 
66 
67 
«8 


Cole  Creek  Point . 

Ifatchpz 

Ellis  Cliffn 

Routh's  Point 

Mouth  of  Red  River 

4,000  feet  below  Red  River 

8,000  feet  below  Red  River 

,  12,000  feet  below  Red  River 

Raccoarci,  upper  end 

Racconrci,  lower  end 

Tunica  Bend 

Baton  Roa^e,  Arsenal 

Baton  Rouge,  State-House 

4,000  feet  below  State- House 

8,000  feet  below  State-House . . 

12,000  feet  below  State-House 

16,000  feet  below  State-House 

20,000  feet  below  State-  House ■ 

24, 000  feet  below  State-House 

28,000  feet  below  State- House 

32,000  feet  below  St«te-House • 

36.000  feet  below  State-House - 

40,000  feet  below  St-ate-House 

44,000  feet  below  State- House 

48,000  feet  belotv^  State-House 

52,000  feet  below  State- House 

66, 000  feet  below  State-House 

60,000  feet  below  State-  House 

64.000  feet  below  State-House - 

68.000  feet  below  State- House • 

Mouth  of  Bayon  Manchac 

4,000  feet  below  Bayou  Manchao 

8,000  feet  bejlow  Bayou  Manohao 

12,000  feet  below  Bayou  Manohac. . . 

16,000  feet  below  Bayou  Manchao. . . 

20,000  feet  below  Bayou  Manohao. . . . 

24,000  feet  below  Bayou  Manohao. . . 

Mouth  of  Plaquemine  Bayou 

4,000  feet  below  Plaquemine  Bayou.  • 

8,000  feet  below  Plaquemine  Bayou  • 

12,000  feet  l)elow  Plaquemine  Bayou 

16,000  feet  below  Plaquemine  Bayou- 

20,000  feet  below  Plaquemine  Bayou  • 

24,000  frat  below  Plaquemine  Bayou  • 

28.000  feet  below  Plaquemine  Bayou- 

32,000  feet  below  Plaquemine  Bayou- 

36,000  feet  below  Plaquemine  Bayou- 

low  Plaquemine  Bayou- 

ow  Plaquemine  Bayou- 

ow  Plaquemine  Bayou - 

low  Plaquemine  Bayou- 

56,000  feet  below  Plaquemine  Bayou- 

BayouGoula  

4,000  feet  below  Bayou  Goula 

8,000  feet  below  Bayou  Ooula 

12,000  feet  below  Bayou  Ooula 

16,000  feet  below  Bayou  Groula 

20,000  feet  below  Bayou  GouU 

24,000  feet  below  Bayou  OouIa 

28,000  feet  below  Bayou  Goula 

32,000  feet  below  Bayou  Goula 

36,000  feet  below  Bayou  Goula 

40,000  feet  below  Bavou  Goula 

Opposite  Claiborne  Isle 

4,000  feet  below  Claiborne  Isle 

8,000  feet  below  Claiborne  Isle 

12,000  feet  below  Claiborne  Isle 

16,000  feet  below  Claiborne  Isle 

20,000  feet  below  Claiborne  Isle 

Ashland  plantation 

4,000  feet  below  plantation 

8,000  feet  below  plantation 

12,000  feet  below  plantation 

16,000  feet  below  plantation 

20,000  feet  below  plantation 

24,000  feet  below  plantation 

28.000  feet  belo^  plantotion 

82,000  feet  below  plantation 

Donaldaonville 

Mean  of  68  sections 


40,000  feet  be 
44,000  feet  be 
48.000  feet  be 
52,000  feet  bel 


M.  R.  C, 

1883. 

H.  Sc  A., 
1861. 

Feet. 

Remarks. 

Feet. 

1,935 

♦2,360 

♦Locality  uncertain. 

4,132 

*4,640 

♦Do. 

1,035 

*3,250 

♦Do. 

8,792 

3,880 

4,231 

3,600 

4.329 

3,600 

3,575 

3,700 

8,936 

8,000 

' 

4,502 

2,400 

8,280 

2,400 

3,476 

*3, 320 

♦Sllet's  report. 

3.181 

2,900 

2,657 

2,350 

2.460 

2,200 

2,531 

2,650 

2,313 

3,025 

8,313 

2,400 

2,850 

3,100 

3,509 

3,400 

8,678 

3,000 

8,313 

2,650 

3,576 

3,250 

3,280 

3,400 

2,574 

2,250 

2,402 

2,250 

2.771 

2,475 

2,788 

2,550 

2.624 

2.500 

2,820- 

2,450 

8.908 

3,700 

3,608 

2,950 

2.568 

2,400 

2,877 

2,300 

2,460 

2,460 

3,542 

3,250 

3,345 

2,900 

2,705 

2.400 

2,132 

2,700 

2,952 

2,750 

2,680 

2,575 

2,344 

2.980 

2,066 

2,930 

8,088 

2,930 

4.296 

4,400 

• 

3.542 

8,500 

2,591 

2,600 

2.408 

2,400 

8,083 

2,850 

2,722 

2,700 

2,755 

2,450 

2,591 

2,410 

2,655 

2,800 

4.165 

8,760 

3.444 

8.250 

2,814 

2,650 

2,099 

2,650 

2,460 

2,500 

2,476 

2,250 

2,460 

2.400 

2.624 

2,500 

8,894 

8.100 

8,903 

8,600 

8,986 

8,700 

2.952 

8,400 

8.066 

2,450 

2,919 

2,800 

8,181 

8,100 

2,858 

3,000 

2,682 

2,500 

2,682 

2,560 

8,640 

8,650 

2,^8 

8,600 

8,280 

8,000 

8,627 

8,000 

2.667 

2,450 

2,296 

2,600 

2,705 

2.760 

2,6S7 

2,600 

2,952 

8,800 

2,984 

2.885 
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In  order  to  show  the  relative  widths  to  the  eye,  curves  have  been  plotted  with  the 
widths  as  ordinates.  These  curves  follow  one  another  verv  closely  till  we  reach  No. 
60,  where  the  wide  part  of  the  river  seems  to  have  moved  down-stream.  The  bar  on 
the  right  bank  has  moved  down-stream^  but  a  part  of  this  seeming  discrepancy  is 
probably  due  to  the  difficulty  of  identifying  the  high- water  bank,  where  a  rise  of  a 
few  tenths  of  a  foot  would  move  the  shore  line  back  several  hundred  feet. 

It  will  be  observed  that  at  Plaquemine  and  the  straight  reach  below,  the  river  has 
crown  narrower.  This  is  also  partially  due  to  the  difficulty  of  locating  the  high-water 
Bank,  bat  mainly  to  the  large  batture  which  has  formed  on  the  left  bank. 

The  above  comparisons  do  not  give  any  clew  to  the  changes  below  the  high -water  line. 
It  is  evident  that  accurate  results  cannot  be  obtained  by  measuring  the  widths  at  the 
same  identical  points  unless  they  are  Yt>ry  close  together.  Where  oends,  islands,  and 
bars  are  moving  down-stream,  the  measurements  shoiild  rather  be  in  the  same  relative 
positions. 

Comparison  of  croM-secHons  below  mouth  of  Bed  River, 

In  accordance  with  yonr  instructions,  comparisons  have  been  made  with  all  avail- 
able  eroBs-sections  of  previous  surveys  oetween  Red  River  and  Donaldson ville.  Sec- 
tions have  been  selected  from  the  surveys  of  1883  whose  positions  are  nearly  identical 
with  those  of  former  surveys.  All  sections  compared  have  been  plotted,  and  the  re- 
sults are  appended  herewith.     (See  Plates  6,  7,  8,  and  9.) 

From  the  survey  of  Humphreys  and  Abbot  in  1851  all  the  available  sections  have 
been  taken,  viz,  three  near  Red  River,  four  near  Batoi^  Rouse,  and  one  across  the 
Red  River  near  its  Junction  with  the  Mississippi.  The  data  for  the  above  has  been 
taken  from  Appendix  C,  pages  571  and  572,  Humphreys  and  Abbot's  Report. 

It  will  be  observed  that  section  24,  above  the  mouth  of  Red  River,  has  remained 
practically  the  same  shape,  although  it  has  moved  bodily  to  the  west  nearly  half  a 
mile.  (See  Plates  3  and  6.)  Section  25,  just  below  the  mouth  of  the  Red  River,  shows 
a  remarkable  change  in  the  form  of  the  section,  while  the  shape  of  the  bend  has  re- 
mained nearly  the  same.  There  are  no  other  sections  of  the  old  survey  in  this  imme- 
diate vicinity,  hence  there  is  no  means  of  verifying  the  peculiarity  of  the  change. 
The  nearest  section  below  (No.  27)  is  about  4  miles  distant,  and  here  we  find  a  decided 
deepening,  amounting  to  40  feet.  This,  however,  might  be  expected,  as  the  section 
is  immediately  below  the  cut-off,  and  the  section  of  1851  was  made  less  than  three 
years  after  the  cut-off. 

The  sections  at  the  Mississippi  mouth  of  the  Red  River  also  show  a  decided  shoal- 
ing, amounting  to  20  feet. 

The  four  sections  in  the  vicinity  of  Baton  Rouge  do  not  show  very  much  change. 
A  comparison  of  these  sections  is  given  in  the  following  table : 

Comparative  area  of  eeotions. 


Knmber  of  H.  and 
A.  section. 


24 
35 
27 
29 
>2 
88 
84 
21 


BiverCom- 


lfiasi8dppiBiver< 
mimion,  1888. 


Iffaxlmam 
depth. 


F««L 


66 

40 
136 
85 
94 
88 
86 


Area. 


F«€L 
128,600 
187,626 
100.436 
160.760 
168,750 
148,000 
181,876 
32,125 


H.  and  A.,  1861. 


MMdmnm 
depth. 


FuL 


68 
102 
80 
89 
96 
80 
101 
68 


Area. 


Fut 

119,500 
173.260 
125.760 
151.825 
188,260 
147,750 
188,000 
88,875 


Locality. 


1  mile  above  Bed  Biver. 
Bed  Blver  Landing. 
4  milea  below  Bed  River. 
Above  Baton  Bonge. 
Near  Convention  Station. 
600  feet  below  State-hoose. 
1  mile  below  State  honae. 
Month  of  Bed  Biver. 


In  these  oomparisons  the  water  surface  at  time  of  sounding  in  1883  has  been  used  as 
the  limiting  line.  The  areas  were  measured  with  a  polar  planimeter,  the  mean  of  three 
determinationa  being  used.  The  water  surface  of  1651  was  reduced  to  the  datum  plane 
of  the  later  survey,  as  follows : 

Hampson  benoh  above  mean  tide  of  Gait  H.  and  A.,  1651 7.99 

Hampeon  bench  aboTC  mean  tide  of  Gulf,  M.  R.  C,  1882 7. 13 

Difference  between  the  two  values 0.79 
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On  page  107  HompfareyB  and  Abbot  Report^  the  eleyiiktion  of  the  high  water  of  1861 
aboye  the  Gulf  is  given  as  49.5  feet.  Correcting  this  by  0.8  foot,  the  difference  in  the 
two  determinations  of  the  Hampson  bench  above  mean  tide,  we  have,  48.7  feet  as  the 
height  of  tJie  water  surface  at  Red  River  Landing :  or  56.7  feet  above  Memphis  datum 
plane,  which  ia  225  feet  below  the  high  water  of  1858  at  Memphis,  Tenn.,  or  190.84 
feet  belovr  the  zero  of  United  States  Engineers'  gauge  at  that  point.  It  is  8.1  feet 
above  the  mean  level  of  the  Gulf. 

No  comparison  of  the  benches  at  Red  River  or  Baton  Rouge  could  be  made.  Chief 
of  Eugineer's  Report,  1872,  page  433,  states  that  **  no  vestige  of  the  old  United  States 
bench  remains."  Report  of  1873,  page  522,  gives  zero  of  Baton  Rouge  gau^  as  0.90 
foot  lower  than  theDelta  Survey  gauge,  but  the  records  do  not  show  whether  gague 
has  since  been  changed  or  not.  The  comparisons,  therefore,  depend,  for  the  Delta 
Survey,  on  a  double  line  of  levels  from  CarroUton  to  Baton  Rouge,  and  a  single  line 
"  run  with  the  greatest  care"  from  the  latter  point  to  Red  River  Landing,  and  for 
the  survey  of  1883  on  a  line  of  '^  precise  levels"  made  by  the  United  States  Coast  and 
Geodetic  Survey;  these  two  surveys  being  connected  only  at  the  lower  end,  on  what  is 
known  as  Hampson's  bench-mark.  It  is  probable  that  the  discrepancy  at  Red  River 
Landing  is  quite  suiall,  as  the  top  of  the  levee,  according  to  the  Delta  Survey,  is  59 
feet  above  tne  Memphis  datum,  and  the  survey  of  1883  gives  it  as  58  to  59  feet  above 
same  datum. 

SecUoM  in  the  vicinity  of  Donaldsonville, 

The  next  reliable  sections  with  which  comparisons  can  be  made  are  in  the  vicinity 
of  Donaldsonville.  The  soundings  were  made  bv  the  United  States  Coast  and  Geo- 
detic Survey  during  the  latter  part  of  1860  and  the  first  half  of  1881. 
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SqaareAet. 

Me«ii  area  of  sectioDS  in  1861 122,836 

Mean  area  of  aections  in  18rj3 123, 59^ 

Difference  of  means 757 

Depths  are  referred  to  tbe  plane  of  1883. 

Thirty-two  sections  which  are  identical  with  Oir  come  very  near  the  sections  of  1883- 
have  been  plotted  and  are  shown  on  Plates  9,  10,  and  11. 

The  sections  of  the  Coast  Survey  and  Geodetic  Snrvey  are  copied  from  tracings  (S.  48) 
on  file  in  this  office.  The  soundings  there  shown  were  reduced  to  the  '*  average  low 
water  of  the  year''  during  which  they  were  taken.  The  stage  of  the  river  when  the 
soundings  were  made  was  but  a  little  below  the  high  water  of  1881.  A  comparison 
of  the  sections  is  given  in  the  above  table,  tlie  area  of  the  sections  being  measured 
below  the  lowest  water  surface,  or  that  given  by  the  United  States  Coast  and  Geodetie 
Surve^r  sections.  The  sections  were  plotted  and  the  areas  measured  with  a  planimeter 
by  Assistant  H.  B.  Wood. 

Very  respectfully,  your  obedient  servant, 

J.  A.  OCKERSON, 

Awistant  Enginser, 

First  Lieut.  Smith  S.  Leach, 

Secretary  MisHsnppi  Miver  Commisfion, 


APPENDIX  H. 

» 
report  of  captain  cixnton  b.  8rar8,  corps  of  engineers,  united  states  arbit, 

executive  officer,  department  of  construction. 

Department  of  Construction, 
Saint  Loui$,  Mo,,  November  5, 1883. 

Colonel:  In  accordance  with  your  circular  letter  of.  September  6,  1883, 1  have  the 
honor  to  submit  the  following  report  of  operations  performed  under  my  immediate 
supervision  as  executive  officer,  construction  department,  Mississippi  River  Commis- 
sion, since  the  date  of  my  last  annual  report,  which  was  brought  up  to  December  1, 
1882. 

My  office  has  been  fully  employed  during  the  past  eleven  months,  in  tbe  construc- 
tion of  the  floating  plant,  recommended  by  the  Commission,  and  approved  by  the 
honorable  the  Secretary  of  War,  in  its  distribution  to  the  various  works;  in  the  char- 
ter of  steamers ;  in  the  purchase  and  supply  of  stone,  wire,  coal,  subsistence  stores, 
and  other  material  required  on  the  several  reaches ;  in  the  care  of  the  fleet  at  Cairo, 
consisting  of  coal  and  floating  plant  not  in  use ;  in  the  repair  of  boats  and  barges, 
and  in  the  management  of  the  general  service  steamers. 

The  general  system  of  purchase  and  supply  was  outlined  in  my  last  report,  and 
need  not  be  repeated  here.  This  system,  as  there  stated,  has  been  continued.  Special 
freight  rates  have  been  secured  from  commercial  steamers  and  from  the  railroads,  and 
shipments  have  been  made  by  one  or  the  other,  as  happened  to  be  more  favorable  at 
the  time,  whenever  the  shipment  has  been  so  small  as  not  to  Justify  bringing  one  of 
our  steamers  to  Saint  Louis. 

During  the  winter,  when  ice  has  closed  the  river  down  to  Cairo,  supplies  have  been 
shipped  oy  rail  to  Cairo,  and  hence  by  our  steamers.  The  steamers  Mississippi  and 
Etheridge  have  been  kept  in  almost  constant  use  towing  our  barges  and  other  plant. 
In  August  the  Etheridge,  in  bringing  down  a  tow  from  Louisville,  got  aground  at 
Flint  Island  bar,  in  the  Ohio  Kiver,  and  was,  after  some  difficulty,  pulled  off  into 
deeper  water  above  the  bar.  As  there  appeared  to  be.  no  prospect  of  getting  her 
down  for  some  weeks,  owing  to  low  water,  she  was  laid  up  at  Louisville,  under 
charge  of  watchmen,  and  her  crew  transferred  to  the  steamer  Jack  Frost.  Her  tow 
was  taken  down  by  the  Reindeer,  a  small  light-draught  boat,  chartered  temporarily 
for  the  purpose.  October  16,  the  Etheridge  reached  Cairo  in  tow  of  the  Minnetonka, 
and  was  put  in  commission  immediately.  August  7,  the  steamer  John  Dippold,  a 
powerful  Doat  belonging  to  the  Mississippi  VaUey  Transportation  Company,  was  char- 
tered for  the  genersa  service  at  $50  per  day,  for  two  weeks,  or  lon^^r,  if  necessary. 
She  was  kept  in  constant  use  until  October  7,  when  she  was  turned  in  to  the  owners. 
Another  large  steamer,  the  Jack  Frost,  was  chartered  for  the  general  service,  Septem- 
ber 15, 1883,  at  $50  per  day,  for  such  time  as  the  Etheridge  might  be  laid  up.  She 
was  surrendered  to  her  owners  October  16,  1883,  and  the  same  day  the  new  tow-boat, 
Minnetonka,  was  chartered  for  three  months,  at  |60  a  day,  with  the  privilege  of  pur- 


BEPOET   OF   THE   MISSISSIPPI    RIVER   COMMISSION.  287 

chase  at  $45,0Q0|  less  charter  money  paid.  At  present,  therefore,  we  have  in  the  gen- 
eral service,  three  steamers,  two  belon^ng  to  the  United  States  and  one  chartered. 
Daring  the  ten  months  ending  October  31,  188H,  the  Mississippi  has  moved  489 
pieces  over  varions  distances,  amounting  to  one  piece  moved  113,177  miles  at  a  cost  of 
25.9  cents  per  mile.  Her  average  daily  expenses  while  doing  this  work  have  been 
$96.42;  this  includes  fuel,  pay,  and  subsistence  of  crew,  and  supplies  aud  other  run- 
ning expenses,  but  does  not  include  interest  on  her  cost,  nor  the  cost  of  repairs.  She 
has  also  made  several  trips  with  the  Commission  or  the  condtruction  committee, 
most  of  the  running  expenses  of  which  have  been  paid  by  the  secretary  of  the  Com- 
mission, out  of  the  appropriation  for  Mississippi  River  Commission.  «         » 

The  Etheridge  during  the  eleven  months  has  moved  377  pieces  over  various  distances, 
amounting  to  one  piece  moved  104,861  miles,  at  a  cost  of  22  cents  per  mile.  Her  av- 
erage daily  expenses  have  been  |68.84f . 

llie  Dippold,  while  under  charter,  moved  139  pieces  over  various  distances,  amount- 
ing to  one  piece  moved  37,930  miles,  at  a  cost  of  35.3  cents  per  mile.  Her  daily  ex- 
penses, including  charter,  averaged  $2)2.76.  She  was  in  service  63  days.  The  Jack 
Frost,  while  under  charter,  moved  €^  pieces,  amounting  to  one  piece  moved  10,359 
miles,  at  a  cost  of  49.4  cents  per  mile.  Her  daily  expenses,  including  charter,  aver- 
aged $165. 12^.  She  was  under  charter  31  days.  These  two  steamers  would  have  shown 
much  better  results,  from  an  economical  point  of  view,  had  circumstances  permitted 
us  to  have  worked  them  up  to  their  full  capacities.  For  reasons  to  be  hereafter  ex- 
plained this  was  impracticable. 

The  Minnetonka  has  not  been  in  service  sufficiently  long  to  enable  me  to  report 
what  will  be  a  fair  average  as  to  her  daily  expenses.  She  was  bnilt  for  our  work,  and 
nothing  has  been  left  undone  by  her  owners  to  make  her  an  acceptable  boat  for  that 
purpose.  She  is  fully  equipped  in  every  respect  for  towing.  My  original  arrange- 
ment with  her  owners  was  to  charter  her  for  six  months,  but  owing  to  their  delay  in 
completing  her,  I' cut  this  down  to  three  months  with  the  privilege  of  a  renewal,  if 
needed.  Summing  up  the  above,  I  find  that  our  general-service  steamers  have  aver- 
aged $135.78f,  per  day  each,  as  to  running  expenses,  and  have  moved  1,074  pieces 
various  distances,  or  one  piece  266,327  miles,  at  an  average  cost  of  33.15  cents  per 
mile.  Estimating  each  piece  at  100  tons  (a  low  estimate)  will  make  the  cost  per  ton 
per  mile  one-third  cent.  Had  we  had  this  towing  done  by  commercial  steamers  it 
would  have  cost  about  two-fifths  cent  per  ton  mile,  and  we  would  have  been  subjected 
to  many  vexatious  and  expensive  delays. 

My  steamer  captains  have  had  great  trouble  in  keeping  efficient  crews,  especially 
during  the  sickly  season.  Government  boats  pay  no  hospital  dues,  and  when  men 
ship  on  them  they  forfeit  their  right  to  treatment  and  care  at  the  marine  hospitals, 
thus  losing  the  benefit  of  dues  previously  paid  when  on  commercial  steamers.  The 
past  summer  and  fall  seasons  have  been  very  unhealthy  on  the  lower  river,  aud  sev- 
eral times  our  boats  have  been  disabled  for  want  of  effective  crews. 

I  would  earnestly  recommend  that  the  Commission  take  some  action  towards  secur- 
ing, either  througn  the  Treasury  Department  or  by  Congress,  some  remedy  for  this 
evil.  It  seems  to  me  but  proper  that  men  employed  on  UnitM  States  civil  vessels 
should  have  the  right  to  hospital  treatment.  Practically  this  is  at  present  denied 
them,  and  whether  proper  or  not,  it  would  certainly  add  to  the  efficiency  of  our 
steamer  service  if  such  medical  aid  could  be  given. 

The  chartered  steamer  Success,  in  use  on  Lake  Providence  Reach,  was  returned  to 
her  owners  April  20,  1883,  not  having  proved  satisfactory. 

January  1,  1883,  I  chartered  the  steamer  Graham  for  six  months,  at  $15  a  day,  for 
use  on  the  Memphis  Reach.  July  1  this  charter  was  extended  three  months  with  the 
privilege  of  six  months.    She  is  still  under  charter. 

Jandary  2,  1883,  I  bought  the  steamer  Charlie  De  Pauw  for  $17,404,  she  having 
proved  herself  a  valuable  and  efficient  boat.  She  was  kept  in  constant  use  on  Lake 
Providence  Reach  until  August,  when  she  broke  her  shart.  She  was  sent  to  Saint 
Louis  for  a  new  shaft  and  a  general  overhauling.  After  being  thoroughly  repaired 
andj>artly  ropainted,  her  name  was  changed  to  the  Vidalia,  and  she  was  roturned  to 
the  Lake  Providence  Reach,  whero  she  is  doing  good  work. 

April  9,  1883,  I  chartered  the  steamer  J.  C.  Fisher,  for  the  Lake  Providence  Reach, 
at  $17  per  day  for  six  months.  Though  her  charter  has  expired  we  still  rotain  her, 
and  expect  to  have  use  for  her  until  navigation  closes. 

June  1, 1883, 1  chartered  the  steamer  Little  Eagle  No.  2,  for  use  on  the  Plum  Point 
Reach,  for  seven  months,  at  $17.50  per  day. 

August  9, 1883, 1  chartered  the  steamer  Pearl,  for  use  on  Lake  Providence  Reach, 
for  three  months,  at  $17.50  per  day. 

September  2, 1883, 1  chartered  the  steamer  Little  Andy  Fulton,  for  use  on  Lake 
Providence  Reach,  at  $30  a  day  for  three  months. 

A  tug  and  launch  have  been  purohased  for  use  at  New  Orleans,  and  another  launch 
for  use  on  Plum  Point  Reach. 
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The  CommisBion  has,  therefore,  the  following  steamers  in  commiasion : 
Belonging  to  the  United  States : 

Mississippi,  Etheridge:  Steam  tow-boats  for  general  service. 

Pete  Kims,  Itasca  t  Steam  tow-boats  in  use  at  Plum  Point. 

Vidalia:  Steam  tow-boat  in  use  at  Lake  Providence. 

Mineola:  Steam  launch  sunk  at  Plum  Point. 

Kelli^ :  Steam  launch  in  use  at  Lake  Providence. 

Titania :  Steam  launch  in  use  ar  Plum  Point. 

Alaska :  Steam  launch,  in  use  at  New  Orleans. 
'    Tilda :  Steam  tug  in  use  at  New  Orleans, 
t^hartered : 

Minnetonka :  Steam  tow-boat  in  general  service.  i 

Little  Eagle  No.  2 :  St«aui  tow-boat  in  use  at  Plum  Point. 

Graham :  Steam  tow-boat  in  use  at  Memphis. 

J.  C.  Fisher:  Steam  t'ow-boat  in  use  at  Lake  Providence. 

Pearl :  Steam  tow-boat  in  use  at  Lake  Providence. 

Little  Andy  Fulton :  Steam  tow-boat  in  use  at  Lake  Providence. 

In  all,  eleven  steamers,  one  tug,  and  four  launches;  six  of  the  steamers  being  under 
charter. 

The  most  difficult  problem  to  solve  has  been  the  supply  of  stone  to  the  works :  and, 
so  far,  owing  to  a  number  of  circumstances  beyond  my  control,  I  have  been  unable  to 
keep  up  the  supply  in  a  manner  satisfactory  to  myself  or  to  the  district  officers.  The 
entire  absence  of  suitable  quarries  between  Cairo  and  Yazoo  River,  necessitates  the 
stone  being  brought  from  up  the  Ohio  River;  or,  from  Chester,  on  the  Mississippi 
River,  At  the  time  when  stone  is  needed  most,  navigation  is  in  the  worst  oonditiox^ 
due  to  low  water  or  running  ice  in  the  Ohio,  and  low  water  or  solid  and  running  ice 
in  the  Mississippi. 

Last  winter  the  supply  was  entirely  inadequate  to  the  demand,  owing  to  the 
danger  to  our  barges  from  the  running  ice  in  the  Ohio,  and  from  the  difficulty  in  load- 
ing barges  at  the  quarries,  due  to  bad  weather  and  sleet. 

During  the  summer  and  fall,  navigation  on  the  Ohio  River  has  been  so  bad  that  I 
have  taken  off  our  boats,  and  have  made  arrangements  with  the  contractor  to  receive 
and  deliver  our  barges  at  Cairo,  he  using  a  small  light-draught  boat.  It  has  also 
been  dangerous  to  load  our  barges  to  their  full  capacities,  owing  to  low  water. 

For  several  weeks  I  could  not  get  barges  up  to  the  Ohio  River  quarries  with  even 
a  small  tow-boat.  Early  in  the  low-water  season  I  arranged  to  get  stone  at  Chester, 
111.,  but  the  loading  facilities  are  limited.  Another  cause  of  failure  in  supply  has  been 
want  of  barges.  This  has  arisen  from  two  causes.  The  district  officers  of  two  dis- 
tricts have  ^en  pressed  for  barges,  owing  to  the  scattered  condition  of  their  parties 
and  the  long  towage  of  brush,  and  have  had  to  utilize  whatever  empty  general-serv- 
ice barges  were  at  hand.  In  this  way,  there  resulted  a  large  accumulation  of  general- 
service  barges  on  the  works,  leaving  the  quarries  without  any  for  some  two  weeks. 

Again,  onr  barges,  necessarily  built  out  of  green  timber  and  sent  down  to  a  warm 
climate  in  the  hottest  season,  soon  began  to  need  reoalking,  so  that  a  number  of  barges 
have  been  unavailable,  undergoing  repair. 

After  getting  a  tow  made  up,  low  water  in  the  Mississippi  has  made  it  both  difficult 
and  dangerous  to  get  the  tow  down,  and  we  have  lost  two  barges  and  their  loads  at 
Tipton  vHle  Bar,  and  one  barge  and  its  load  at  Old  Hen,  just  above  Hopefield.  This 
condition  of  affairs  has  prevented  the  boats  from  being  worked  to  their  fdll  capacities. 
During  high  water  there  is  no  trouble  in  getting  stone  loaded  and  towed  down,  but 
this  is  the  time  when  there  is  least  demand.  In  March,  I  began  the  storing  of  stone 
on  the  bank  at  Gold  Dust,  but  had  accumulated  only  some  3,^00  yards  when  I  had  to 
take  it  all  for  use  at  Plum  Point.  In  August  I  contracted  for  tlie  delivery  of  wO,000 
cubic  yards  on  the  bank  at  Arkansas  City,  for  the  use  of  the  Lake  Providence  Reach. 
Up  to  October  31  there  has  been  so  delivered  some  6,000  cubic  yards.  I  have  sent  a 
party  down  to  load  this  on  barges. 

The  only  way  to  insure  a  full  supply  of  stone  to  the  works  during  the  busiest  sea- 
son is  to  begin  in  January  of  each  year  the  accumulation  of  stone  on  the  bank  at 
two  or  more  points,  such  as  Gold  Dust  and  Arkansas  City;  this  to  continue  until  the 
demand  from  the  works  increases  so  as  to  take  all  the  quarries  and  towage  service  can 
supply.  The  stone  so  stored  can  then  be  taken,  from  time  to  time,  as  the  direct  supply 
fails  during  low  water.  This  method,  at  best,  is  clumsy  and  expensive,  but  I  see  no 
other  way  less  expensive  aud  equally  sure.  This  cannot  be  done,  however,  the  com- 
ing season,  unless  an  appropriation  is  made  immediately  available.  We  should  have 
by  August  1,  1884,  at  each  of  these  places,  some  20,000  yards  at  least.  Since  Novem- 
ber 30,  188:^  I  have  supplied  to  the  works  some  72,719  cubic  yards  of  stone ;  459  tons 
of  galvanized  steel  wire,  and  several  hundred  tons  of  miscellaneous  freight  in  the 
shape  of  provisions,  rope,  lumher,  iron,  and  other  supplies.  Onr  contracts  require  us 
to  tiake  about  26,323  cubic  yards  of  stone  in  addition  to  that  already  received.*  I  sub- 
mit herewith,  marked  A,  a  table  showing  the  description,  first  cost,  and  distribution 
of  the  floating  plant  bought  by  me  since  November  30,  1882 : 
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A  synopsiB  is  herewith  submitted,  viz : 

1  Steam  tow-boat $17,404  00 

1  Steam  tug 5,000  00 

1  Steam  launch 3,000  00 

7  Mattress-boats 40, 360  00 

4  Screen-boats 6,000  00 

13  Quarter-boats 34,463  00 

134  Barges 275,127  40 

2H  Pile-drivers 142,661  76 

2  Machine-shop  boats  (balance) 9,871  25 

1  Pumping-boat ^.  1,500  00 

6  Whitehall  boats 339  00 

94  skiffs : 2,126  00 

Outfit  of  plant 17,246  28 

Miscellaneous  (anchors,  hoisting-engines,  boilers,  electric-light  outfits, 

pump  and  derrick) 9, 988  78 

Rope 23,114  50 


588,201  97 


Of  this  amount  $142,983.68  was  for  plant  now  in  use  for  the  general  servicO.  An 
itemized  statement  of  my  exx>enditures  from  December  1, 1882,  to  October  31,  1883, 
accompanies  this  report,  and  is  marked  B. 

The  following  is  a  classified  statement  of  said  expenditure : 

flCHKBULE  OF  EXPRNDITURB8  BT  CAPTAIN  CLINTON  B.  8BAR8,  EXECUTIVE  OFFICER, 
CONSTRUCTION  DEPARTMENT,  MISSISSIPPI  RIVER  COMMISSION,  ON  ACCOUNT  OF 
APPROPRIATION  FOR  IMPROVING  MISSISSIPPI  RIVER,  FROM  NOVEMBER  30,  1882,  TO 
OCTOBER  31,  1883. 

General  service. 
Office: 

Pay-roll  $8,469  a3 

Furnitnre  and  office  outfit 387  45 

Stationery 371  12 

Transportation  and  traveling  expenses 1, 400  85 

Ice  and  water 79  91 

Rent  and  repairs 679  70 

Gas  and  fuel 170  97 

Telegraphing 344  75 

Miloaffe 1,289  06 

Fuel  for  Captain  Sears 160  48 

$13,354  12 

Coal  Fleet.  • 

Material  and  supplies $369  57 

Plant  and  outfit 336  93 

Transportation 174  84 

Labor 16  00 

Ice 7  59 

Care  of  public  property 4,074  00 

Repairs 30  33 

5,009  26 

Stone  Depot. 

Inspection  and  administration $13  50 

Material  and  supplies 338  06 

Plant  and  outfit 1,453  90 

Transportation 14  35 

Labor 2,681  00 

Subsistence 54  00 

4,554  81 

Steamer  Mississippi. 

Officeexpenses $46  51 

Material  and  supplies 2, 133  99 

Fuel 33  21 

Plant  and  outfit 224  17 

Transportation  and  steamer  expenses 12,832  85 

Repairs 1.517  42 

Labor 694  59 

Subsistence 5,061  36 

Care  of  public  property 221  50 

22, 765  60 

n.  Kx.  37 19 
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Steamer  Emma  Ethebidge. 

OflBce  expenses |65  31 

MaterixblaDd  supplies 2,172  00 

Plant  and  ontat 1,433  50 

Transportation  and  steamer  expenses 12, 952  72 

Repairs 1,003  94 

Labor 498  20 

Subsistence ^ 3,726  74 

Care  of  public  property 207  99 

122,060  40 

Steamer  John  Dipfou>. 

Office  expenses $6  40 

Material  and  supplies 1,199  20 

Fuel 3,665  60 

Repairs 14  35 

Transportation  and  steamer  expenses 6,372  65 

Labor 40  75 

Subsistence 1,208  60 

12,607  6& 

Steamer  Jack  Frost. 

Office  expenses $12  07 

Material  and  supplies 1,739  02 

Plant  and  outat 19  25 

Fuel 1,131  19 

Transportation  and  steamer  expenses _ 3, 340  42 

Labor : 10  00 

Subsistence 554  01 

6,805  9S 

Steamer  Reindeer. 

Material  and  supplies $3  92 

Fuel 133  ^ 

Labor 8  00 

Transportation  and  steamer  expenses 459  98 

Subsistence 79  05 

6844& 

STEAlfER  MINVETOKKA. 

Office  expenses $10  21 

Material  and  supplies 360  09 

Transportation  and  steamer  expenses 866  34 

Fuel 427  60 

Labor 23  92 

Subsistence »    302  58 

1, 990  74 

Total  account  of  general  service 89,732  *i^ 

FOR  NEW  MADRID  REACH. 

Inspection  and  adiAlnistration $461  07 

Office  expenses 3  00 

Plant  and  outfit 187,195  63 

Transportation 1,870  66 

Material  and  supplies 686  18 

Labor 20  00 

Repairs  to  plant 9  50 

Care  of  public  property 18  50 

190,264  54 

FOR  PLUM  POINT  REACH. 

Inspection  and  administration $lt383  42 

Offlceexpenses 200  25 

Material  and  supplies 64.662  67 

Fuel 1,765  26 

Plant  and  outfit 88,596  73 

Transportation 6,674  28 

Repairs  to  plant 6,989  03 

Labor 401  49 

Subsistence 32,191  86 

Care  of  public  property 622  00 

208,486  99 


* 
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FOR  MEMPHIS  REACH. 

Inspection  and  administration $1,250  16 

Office  expenses 2  00 

Material  and  supplies 12, 956  21 

Plant  and  ontfit  121,791  54 

Transportation 5, 712  24 

Repairs  to  plant 407  45 

Labor 115  50 

Subsistence 1, 277  92 

Care  of  public  property 260  65 

f 143, 773  67 

FOR  LAKE  PROVIDENCE  REACH. 

Inspection  and  administration $1, 934  49 

Office  expenses. ....^ 1310 

Material  and  supplies 35,855  35 

Fuel 844  00 

Plant  and  outfit 144.152  84 

Transportation 13,064  08 

Repairs  to  plant 2,734  68 

Labor 432  54 

Subsistence 27, 257  94 

Care  of  public  property 586  46 

'  226,875  48 

Total  account  on  improving  Mississippi  River 853, 133  57 

SCHEDULE  OF  EXPENDITURE  ON  ACCOUNT  OF  APPROPRIATION  FOR  IMPROVING  HAR- 
BOR AT  NEW  ORLEANS,  LA.,  FROM  NOVEMBER  30,  1882,  TO  OCTOBER  31,  1883. 

Inspection  and  aduiinistration $299  67 

Officeexpenses *. 10  00 

Material  andsnjtplies 3,290  03 

Plant  and  outfit 24,460  97 

Transportation 677  50 

Repairs  to  plant 159  30 

Labor 168  97 

Subsistence 497  45 

Care  of  public  property 6  00 

29,569  89 

SCHEDULE     OF    EXPENDITURES    ON    ACCOUNT    OF    APPROPRIATION    FOR    IMPROVING 
MOUTH  OF  RED  RIVER,  LOUISIANA,  FROM  NOVEMBER  30,  1882,  TO  OCTOBER  31, 1883. 

Office  expenses $10  00 

Material  and  supplies 277  15 

Fuel 614  62 

Plant  and  outfit 4,524  00 

Labor 56  37 

Subsistence 910  60 

Transportation 26  00 

Care  of  public  property 10  00 

6, 428  74 

CLASSIFIED  SUMMARY. 

Expended  for : 

Plant  and  outfit $574,189  46 

Material  and  supplies 126,043  44 

Subsistence 73,122  11 

Transportation 65.439  76 

Repairs  to  plant 12,866  00 

Fuel  and  gas 8,946  43 

Office  expenses  (including  pay-rolls) 8, 84H  68 

Care  of  public  property 6,007  10 

Inspection  and  administration 5,342  31 

Labor 5,167  33 

Mileage 1,289  06 

Rent  and  repairs 679  70 

Furniture  and  office  ontfit 3H7  45 

Stationery 371  12 

Telegraphing 344  75 

Ice  and  water 87  50 

889,132  20 
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GENERAL  SUMMARY. 

Improving  harbor  at  New  Orleans,  La $29, 569  89 

For  improving  mouth  of  Red  River,  Louisiana |5, 428  74 

For  New  Madrid  Reach 190,264  54 

For  Now  Madrid  Reach,  proportion  of  general  service 4, 605  84 

For  Plum  Point  Reach 202,486  99 

For  Plum  Point  Reach,  proportion  of  general  service 38, 144  57 

For  Memphis  Reach 143,773  67 

For  Memphis  Reach,  proportion  of  general  service 8, 837  91 

For  Lake  Providence  Reach 226, 875  48 

For  Lake  Providence  Reach,  proportion  of  general  service..  38, 144  57 


$35,998  63 
194,870  38 
240,631  56 
152,611  58 

265, 020  0^ 

'    889, 132  20 

The  above  amount,  $89,732.89,  for  the  general  service,  has  been  divided  up  among 
the  several  allotments,  as  shown  in  the  general  summary.  Whenever  an  expenditure 
has  been  specifically  for  any  particular  reach,  it  has,  of  course,  been  charg<  d  to  that 
reach.  There  have  been,  however,  large  expenditures  which  it  has  been  impossible, 
without  complicating  accounts  very  seriously,  to  definitely  assign  to  any  particular 
allotment.  These  I  have  divided  among  the  several  allotments  in  proportion  to  their 
respective  amounts,  duly  considering  the  service  each  reach  has  received. 

When  towing  for  Red  "River  and  New  Orleans  has  been  done  by  the  general  service 
steamers,  the  neressary  expense  has  been  met  by  assigning  sufficient  of  the  vouchers 
of  said  steamers  for  payment  by  these  appropriatious.  This  method  of  dividing  the 
general  service  expenses  is  inaccurate,  clumsy,  and  unsatisfactory,  and  makes  my 
accounts  very  complicated.  I  would  recommend,  therefore,  that  if  another  appropri- 
ation be  given,  a  special  allotment  be  made  for  the  general  service,  with  authority 
for  me  to  draw  on  the  several  allotments  for  such  amounts  as  cover  specitio  expendi- 
tures for  the  corre8ponding  reaches.  I  would  further  recommend  that  the  officer  in 
charge  of  the  fourth  district  purchase  all  his  own  supplies  except  such  as  he  may  find 
convenient  to  have  me  buy  and  ship,  as  stone  and  coal.  New  Orleans  is  a  better  mar- 
ket for  this  district  than  Saint  Louis. 

I  stunmit  the  following  financial  statement  of  all  funds  expended  under  the  control 
of  the  Mississippi  River  Commission  to  November  1,  1883. 

Financial  Statement. 

(July  1,  1882,  to  October  31,  1883.) 

NEW  MADRID  REACH. 


Drawn  from  Troaaary. 
E  xpended 


Balances  in  hand,  available  November  1, 1888. . 


By  Captain 
Sears. 


$207, 000  00 
204, 572  16 


2,427  84 


B 


y  Captain 
Kniffbt 


$S,500  00 
4,498  95 


1,001  05 


TotaL 


$212,500  Ot 
209.071  11 


8,4S8  8t 


All  the  allotment,  viz,  $212,500,  has  been  drawn. 

PLUM  POINT  REACH. 


Balanoea  on  hand  from  prevlooa  appropriation,  flsoal 

•  year  endin^E  Jone  80, 1882 

Drawn  firom  Treaanry  of  current  appropriation 

Total  to  be  accounted  for 

Expended 

Balanceain  hand 


By  Captain 
Sears. 


$10,232  11 
814, 000  00 


824.232  11 
298,866  96 


25,365  15 


ByCaptAitt 
Knight. 


$12, 424  90 
635,000  00 


647,424  90 
661,917  16 


85,507  74 


Total. 


$22,657  01 
949,000  00 


971,657  01 
860, 784  II 


no,  872  89 
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Allotment  from  current  appropriation $1, 000, 000  00 

Drawn  from  Treasury 949,000  00 

Balance  in  Treasury 51,000  00 

Balance  in  hands  of  disbursing  officers 110,872  89 

Available,  November  1,  1883 160,872  89 

MEMPHIS  REACH  AND  HARBOR. 


Drawn  from  TreaAnry,  Sm. 
Expended 


By  Captain 
Sears. 


1107, 000  00 
162, 379  64 


By  Major 
Milltfr. 


$125,000  00 
105, 890  00 


Total. 


$202. 000  00 
268, 268  64 


Balances  in  band 


4, 630  36 


]&,110  00 


23,730  36 


Allotment  from  current  appropriation $325, 000  00 

Drawn 292,000  00 

Balance  in  Treasury 33,000  00 

Balance  in  hands  of  disbursing  officers 23, 730  36 

Available  November  1,  1883...^ 56,730  36 

SURVEY  OF  HELENA  REACH. 

Drawn  by  Major  Miller $8,000  00 

Expended  by  Major  Miller 7,511  29 


Balance  available  November  1,  1883 

All  the  allotment,  viz,  $8,000,  has  been  drawn. 

LAKE  PROVIDENCE  REACH. 


488  71 


Balances  on  hand  tnm  appropriation  for  fiscal  year 

endinff  Jnne  30, 1882 

Drawn  from  Treasury  of  current  appropriation 


Total  to  be  accounted  fur . 
Expended  


Balances  in  hand 


By  Captain 
Sears. 


$10,282  U 
854,000  00 


864. 238  11 
350, 581  88 


4, 700  78 


By  Captain 
MarshaU. 


$3, 841  74 
458,000  00 


462,841  74 
447. 714  50 


14.827  16 


Total. 


$13. 678  85 
813, 000  00 


826.573  85 
807,245  92 


10,327  88 


Allotment  from  current  appropriation $950,000  00 

Drawn 813,000  00 

Balance  in  lYeasury -  137,000  00 

Balance  in  hands  of  disbj^rsing  officers 19,327  93 

Available  November  1,  1883 156,327  93 


VICK8BURO  HARBOR. 

Drawn  by  Captain  Marshall $50,000  00 

Expended  by  Captain  Marshall... 44,522  40 


Balance  in  hand 


5,477  60 


Allotment  from  onrrent  appropriation 100,000  00 

Drawn 1 50,000  00 

Balance  in  Treasury 50,000  00 

Balance  in  hand  ..*. 5,477  60 


Available  November  1,  1883 55,477  60 
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KEW  ORLEANS  HARBOR. 


Balance  In  Treasury  Jnly  1, 1882,  frompreTioas  appro- 
riatlon. 
inoea  in  hand  July  1,1882 

Total  to  be  accounted  for 


priatlon. 
Balai 


Drawn  from  Treasury. 
Bxpended  


By  Captain 
Sears. 


$38,000  00 
29,689  80 


By  Mi^or  Stick- 
ney. 


$3,267  01 


3,267  01 


8, 267  01 
8.845  01 


Balances  in  hand. 


8,430  11 


—5,577  10 


Total 


$144, 52S  Oo 
3.267  01 


147,703  81 


41,267  01 
38.414  90 


2.863  01 


T— 

Available  July  1,  1882 $147,793  81 

Drawn 41,267  91 


Balance  in  Treasory 106,525  90 

Balance  in  hands  of  diBborsing  officers 2,H53  01 

Available  November  1,  1883 l(fe,378  91 


SAINT  FRANCIS  FBONT,  FIRST  DISTRICT. 

Drawn  by  Captain  Knight |5,000  00 

Expended  by  Captain  Knight 3,312  91 


Balance  available  November  1,  1883 

All  the  allotment,  viz,  $5,000,  has  been  drawn. 


1,687  09 


SAINT  FRANCIS  FRONT,  SECOND  DISTRICT. 

Drawn  bv  Major  Miller $4,000  00 

Expended  by  Migor  Miller 3.212  93 


Balance  available  November  1, 1883 

All  the  allotment,  vix,  $4,000,  has  been  drawn. 


787  07 


MOUTH  OF  RED  BIYER. 


By  Captain 
Miller. 

By  Captain 
Sears. 

ByMjOorStiok- 
ney. 

TotaL 

Drawn  from  the  Treaanry  from  pre- 

riouB  appropriations. 
Xxpended 

$15,812  40 
7, 658  46 

$7.000  00 
6,428  74 

$15,000  00 
87,883  46 

$87.813  40 
51, 070  66 

BalancM  In  hand 

*8.1fi3  94 

671  26 

—22,883  46 

—14, 158  26 

*  Transferred  to  Mi^or  Stickney,  September  30, 1882. 

Available  June  30,  1882 $90,812  40 

Drawn 37,812  40 

Balance  in  Treaanry 53.000  00 

Balance  in  hands  of  disbursing  officers —14,158  26 

Available  November  1, 1883 38,841  74 
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NATCHEZ  AND  VIDALIA. 


By  Cnptain 
MUler. 

By  lii^or  Stick- 
ney. 

Total. 

ATailable  Jane  30, 1882,  from  former  appropriations. . 
Xzpeoded  ....^ 

$8, 252  04 
722  05 

$2,*i97'i7' 

$8,252  04 
2,920  82 

Balance  STallable  November  1. 1883 

*7. 629  00 

—2,197  67 

5,331  42 

*  Transferred  to  Ifi^or  Stickney,  September  0, 1882. 


OBSERVATIONS  AT  CARROLLTON,   LA. 

The  allotment  of  $3,000  from  the  appropriation  for  improving  Mississippi  River  has 
been  drawn  and  expended  by  Major  Stiokney.  The  observations  are  now  being  car- 
ried on  with  an  allotment  from  the  appropriation  for  Mississippi  River  Commission. 

SURVEY  OF  UNLBVEED  FRONTS  IN  THIRD  DISTRICT. 

Drawn  by  Captain  Marshall $1,000  00 

Expended  by  Captain  Marshall 496  96 


Balance  available  November  1,  1883 

All  the  allotment,  viz:  $1,000,  has  been  drawn. 


503  04 


^ 


SURVEY  OF  UNLBVEED  FRONTS  IN  FOURTH  DISTRICT. 

Allotment $1,000  00 

None  of  which  has  been  di*awn  or  expended. 


SURVEY  OF  CUBITT'S  GAP. 


Drawn  by  M^jor  Stickney . . . 
Expended  by  Major  Stickney 


$300  00 
lj37  14 


162  86 


Balance  available  November  1,  1883 

-     All  the  allotment,  viz :  $300,  has  been  drawn. 

DELTA  POINT,   LOUISIANA. 

Balaoce  from  another  appropriation $25,770  13 

Allotment  from  appropriation  for  improving  Mississippi  River 50, 000  00 

Available  Jane  30.  1882 75,770  13 

Expended  by  Captain  Marshall 75,762  49 


Balance  on  hand 


7  64 


This  work  is  finished. 

9    CHOCTAW  BEND  SURVEY. 

Drawn  bji  Captain  Marshall $2,700  00 

Expended  by  Captain  Marshall 2,679  86 


Balance  in  hand. 


20  14 


Allotment  from  current  appropriation 
Dn»wn  


Balance  in  Treasury 
Balance  in  hand  .... 


Available  for  transfer  to  other  works 
This  survey  has  been  completed. 


4,000  00 
2,700  UO 

1,300  00 
20  14 

1,320  14 
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BONNBT  CARRE  CREVASSE. 

All  of  the  allotment,  viz :  915,000,  baa  been  drawn  and  expended  by  Major  Stickney 

UCVEES,  SECOND  DISTRICT. 

Yazoo  Front. 

Drawn  by  Minor  Miller $80,950  Oa 

Expended  by  Majdr  Miller 79,832  25 

Balance  available  November  1,  1883 1,117  75- 

All  the  allotment,  viz :  $80,950,  has  been  drawn. 

THIRD  DISTRICT. 

Tensas  FronU 

Drawn  by  Captain  Marshall $328,840  0(^ 

Expended  by  Captain  Marshall $291,156  49 

Balance  in  hand 37,683  51; 

Allotment  from  cnrrent  appropriation ' 348,840  00* 

Drawn , 328,840  00 

Balance  in  Treasury 20,000  OO 

Balance  in  hand 37,683  51 

Available  November  1,  1883 57,683  51 

Yazoo  FronU 

Drawn  by  Captain  Marshall $334,050  00 

Expended  by  Captain  Marshall 313,836  32 

Balance  available  November  1, 1883 20,213  6» 

All  the  allotment,  viz,  $334,050  has  been  drawn. 

FOURTH  DISTRICT. 

Atohafalaya  FronU 

Drawn  by  Major  Stickney $100,000  00 

Expended  by  Major  Stickney 102,947  22 

Balance  in  hand —  2,947  22 


Allotment 110,000  00 

Drawn 100,000  00 

Balance  in  Treasury 10,000  00 

Balance  in  hand —  2,947  22 

Available  November  1,  1883 7,052  78 

Tensas  FronU 

Drawn  by  Major  Stickney $426,160  OO 

Expended  by  M^jor  Stickney 251,630  81 

Balance  available  November  1, 1883 174,529  19 

All  the  allotment,  viz.  $426,160,  has  been  drawn. 

Total  levee  allotments,  moludinff  Bonnet  Carre  Crevasse 1, 315, 000  00 

Drawn 1,285,000  00 

Balance  in  Treasury * 30,000  00 

Balance  in  hands  of  disbursing  officers 230,596  91 

AvaUable November  1,  1883 260,596  91 
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SUMMARY. 

Total  allotments |3,9Z8,800  00 

Unallotted  and  in  Treasury , 144,200  00 

Unallotted  and  in  hands  of  Captain  Sears,  from  sale  of  fuel  to  himself.  126  00 

Total  appropriation 4,123,126  00 

Balances  from  last  appropriation 36,230  86 

Balances  from  other  appropriations 272, 628  38 

Total 4,431,985  24 

Accounted  for  as  follows: 

InU.  S.  Treasury,  not  drawn 607,025  90 

Expended 3,433,716  04 

In  hands  of  disbarsinfi:  officers 391,243  30 

Total 4,431,985  24 

Total  available  Nov6ml)er  1,  1883,  for  works  carried  on  under  the  Mis- 
sissippi River  Commission 996,269  20 

The  greater  portion  of  this  available  balance  will  be  exhausted  by  January  1, 1884. 
The  large  amount  of  public  property  to  be  taken  care  of,  and  tbe  uncertainty  con- 
cerning the  time  when  another  appropriation  will  be  made,  makes  it  desirable  to  re- 
serve sufficient  funds  to  amply  provide  for  such  care  of  property.  I  would,  therefore, 
recommend  to  the  Commission  that  the  work  on  the  several  reaches  be  brought  to  a 
dose  at  an  early  date,  and  the  forces  be  reduced  to  the  lowest  point  compatible  with 
the  proi>er  protection  of  the  works,  the  care  of  public  property,  and  the  settlement 
of  accounts. 
All  of  which  is  respectfully  submitted. 

CLINTON  B.  SEAES, 
Captain,  Enaineert,  U.  3»  A,, 
Executive  Officer,  Conetruman  Dej^t,  M.  B.  C. 
Lieut.  Col.  C.  B.  CoMSTOCK, 

Ccrpe  of  Engineere,  JJ,  8.  A,, 

Freeident  MiaHsHjipi  River  Commiseion, 


li  I     I     Ji    Ik 
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APPENDIX   /. 

report  of  captain  j.  o.  d.  kniqht,  corps  of  enoikrers^  upon  operations  in  tub 

first  district. 

United  States  Engineer  Office, 

Cairo,  III,  November  '27,  1883. 

Colonel:  The  following  report  is  submitted  in  compliance  with  instructiouB  of 
September  6,  1883,  to  send  immediately  after  October  31,  18^,  a  report  of  work  done 
by  me  with  funds  controlled  by  the  Mississippi  River  Commission  since  the  date  of  my 
last  annual  report  and  up  to  October  31, 18d3. 

It  covers  (1)  levee  location  alone  the  Saint  Francis  front;  (2)  the  improvement  of 
t^e  New  Madrid  Reach ;  and  (3)  uxe  improvement  of  the  Plum  Foint  R^ach. 

SAINT  FRANCIS  FRONT. 

September  16,  1882,  instructions  were  issued  by  the  Commission  that  such  surveys 
fthonid  be  made  of  the  Saint  Francis  front  in  the  first  district  as  would  render  it  pos- 
sible to  report  to  the  Commission  the  cost  of  closing  all  gaps  in  the  levee  to  the  old 
grade  along  that  front ;  but  no  allotment  out  of  which  to  pay  the  cost  of  such  surveys 
was  made  until  November  19,  when  |5,000  was  allotted  for  the  survey  of  so  much  of 
the  Saint  Francis  front  as  lies  in  the  tirst  district.  Two  days  later  tlie  Commission 
adopted  instructions  for  the  surveys  of  new  levees. 

As  the  old  levee  that  could  be  utilized  in  the  construction  of  the  new  amounted,  in 
the  first  district,  to  but  1  per  cent,  of  the  volume  of  the  entire  work,  instead  of  fur 
closing  gaps  in  the  old  levee,  the  required  estimates  were  for  virtually  building  a  ni^w 
levee  along  this  front ;  hence,  the  instructions  of  the  Commission  as  to  surveys  for  new 
levees  >were  decidedly  applicable  to  this  work. 

In  November  a  small  party  was  sent  out  to  commence  the  location ;  but  as  it  was 
discovered  that  its  instructions  were  not  sufficiently  comprehensive,  and  as  fuller  iu- 
atriictions  necessitates!  a  differently  organized  party,  the  first  was  recalled. 

As  the  surveys  and  estimates  could  not  be  made  in  time  for  the  last  annual  report, 
the  survey  was  deferred  until  after  the  high  water.  In  the  spring,  propositions  were 
received  from  various  parties  to  make  the  required  surveys  at  prices  varying  from 
f  15  to  $100  per  mile;  and  the  lowest  proposition,  that  of  Civil  Engineer  H.  N.  Pharr, 
Lagranee,  Ark.,  accepted.  His  party  started  out  about  June  1, 1863,  from  Bird's  Point, 
Mo.,  ana  pros«?cuted  the  work  with  energy  until  it  was  stopped,  in  the  bend  above 
New  Madrid,  by  high  w^ater.  Resuming  in  July,  Engineer  Pharr  carried  on  the  loca- 
tion to  its  completion.  The  level  notes  and  profiles  were  received  in  September ;  the 
end  of  October  passed  without  the  plotted  location  coming  to  hand. 

As  an  approximate  estimate  the  following  figures  are  given,  to  be  followed  by  a 
complete  report  when  additional  data  are  at  baud : 

Length  of  line  to  be  leveed miles. .  228.  .*> 

Length  of  line  to  be  cleared do....  114.5 

Volume  of  entire  levee cubic  yards . .  9, 000, 000 

Volume  of  old  levee  available do 90, 000 

Volume  of  earth  to  be  moved do 8,910,000 

Estimating  earthwork  at  25  cents  per  yard,  clearing  at  ^)0  per  acre — the  number 
of  acres  beiug  CHtimated  as  7bO — and  cost  of  surveying  and  inspection  at  $50,000,  th*^ 
approximate  cost  of  leveeing  so  much  of  the  Saint  Francis  trout  as  is  in  the  first  dis- 
trict will  be  $2,:i01,000. 

The  amount  expended  under  the  allotment  is  as  follows : 

Survey  party  aud  draughtsman $3, 069  36 

Instruments,  stationery,  and  ma[fs 226  05 

Damage  to  crops 9  50 

Mileage 8  00 

Total 3,812  91 

STATEMENT. 

Allotment f5,000  00 

Expended  as  in  above  statement 3,312  91 

Balance  on  hand  November  1,  l^S3 1, 687  09 
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As  an  alternate  line  in  Btill  to  be  run  between  Barileld  and  Mill  Bayou,  and  as 
further  examination!*  must  be  made  with  reference  to  the  drainage  of  the  swamp 
lands  of  Southeast  Missoiiri  and  Northeast  Arkansas,  this  balance  will  all  be  required 
for  liabilities  incurred  or  to  be  incurred. 

NEW   MADRID  REACH. 

The  Commission  recommended,  August  18, 1882,  that  the  district  officer  have  a  sur- 
vey, with  a  view  to  improvement,  made  for  the  New  Madrid  Reach  at  next  low  water; 
and  that  he  prepare  and  submit  a  project  for  the  plant  needed  for  this  reach  and  one 
for  the  work  of  improvement.  Later  I  was  informed  that  the  survey  and  plans  called 
for  of  the  New  Madrid  Reach  should  include  the  river  from  the  head  of  Island  No.  8  to  the 
foot  of  Island  No.  14,  a  distance  of  60  miles.  August  18, 1882,  an  allotment  of  $700,000 
was  made  for  the  works  on  this  reach. 

The  survey  was  commenced  September  23,  1882,  1.5  miles  above  Island  No.  8,  and 
the  field-work  completed  during  the  following  December,  having  been  carried  to 
Oayoso,  2  miles  below  Island  No.  14.  A  map  of  the  entire  survey  was  leisurely  drawn 
later. 

September  14,  1882,  the  following  plant  for  this  reach  was  recommended  by  the 
construction  committee  of  the  Commission  and  approved  bv  the  Commission :  Twenty 
pile-drivers,  forty  deck-barges  for  stone  and  brush,  one  machine-shop  boat,  six  quarter- 
boats,  four  two-hundred-foot  mattress-boats,  six  one-hundred-foot  mattress  boats,  six 
screen -boats,  and  forty  skiffs. 

December  19,  1882,  while  the  construction  of  plant  already  ordered  was  continned, 
otherwise  the  allotment  for  this  reach  was  suspended ;  and  on  March  16  $300,000  of 
this  allotment  was  transferred  to  the  Plum  Point  allotment,  and  the  balance  found 
to  remain,  after  payment  of  all  liabilities,  ordered  transferred  to  the  Lake  Providence 
allotment. 

The  plant  ordered  by  and  constructed  for  the  executive  officer  of  the  construction 
department  of  the  Commission  is  twenty-five  pile-drivers,  one  machine-shop  boat,  and 
forty  barges,  as  set  forth  in  the  following  table : 

Li$t  of  floating  property  bought  by  the  executive  officer^  Miseiee^i  River  CommiMiotif  out 

of  allotment  for  ifew  Madrid  Reach^  for  use  on  that  reach. 


Deeoription. 


No. 


Barges 19 

10 
5 
1 
1 


Do 

Do 

Do 

Do 

Ma«hine-8hop  boat*. 


Pile-driven. 


Anobora 
Ontflt... 


Total 


20 


First  coat 
of  each. 


I 


$1,850  00 
1,840  00 
1.800  00 
1,050  00 
2,000  00 
8, 130  00 


Total  coat 


$85,150  00 
9.246  00 
18,000  00 
9,750  00 
2,000  00 
8,180  00 


Remarks. 


5, 825  88        106, 517  60 


1,630  48 
227  45 


192,850  53 


I 


Of  these  barcea,  17,  coatfaig 
$32,046,  are  in  oae  on  Plnm 
Point  Reach,  and  28,  valued 
at  142, 100,  in  general  towage 

)     servloe. 

In  oae  at  Plnm  Point 

(  5  In  nae  at  Plnm  Point;  6  in 

<nae  at  Lake  Providenoe;  10 

( laid  np. 


*Tbe  cost  of  the  macbine-nhop  bjoat,  wlthont  tool  outfit,  waa  $8,880. 


The  expenditures  nnder  the  original  allotment  are  as  follows : 


)     Captain 
Seara. 


Captain 
Knight. 


TotaL 


Ctoneral  adminietration i  $682  92 

Offlceexpenae |  21  00 

Care  of  property '  18  50 

Coatof  plant 193,549  99 

Btoamem,  towage,  ^ |  6,496  50 

Snrveya 

Laboron  plant 20  00 

Miaoellaneona i  3,833  26 

Total 204,572  16 


$682  92 

21  OO 

18  50 

193,549  9» 

I  6,i9650 

$4,498  95:  4,498  95 

20  00 
3,838  25 

4,498  95  I  209.071  11 

I 
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STATBMBNT. 

AUotmetit 1700,000  OO 

Transferred  to  Plum  Point  allotment |300,000  00 

Transferred  to  Lake  Providence  allotment 187, 500  00 

Disbnrsed  by  Captain  Sears 204,572  16 

Disbursed  by  Captain  Knight 4,498  95 

,696,571  11 

Balance 3,428  89 

Balance  in  bauds  of  Captain  Sears  November  1 |2, 427  84 

Balance  in  hands  of  Captain  Knight  November  1 1,001  05 

3,428  89 

Though  apparently  it  is  not  contemplated  to  begin  work  on  the  New  Madrid  Reach 
with  any  portion  of  the  appropriations  hitherto  made,  the  still  existing  necessity  of 
the  improvement  of  this  reach  cannot  be  doubted.  During  the  low- water  season  just 
paused  it  has  been  marked  by  three  of  the  most  troublesome  places  between  Cairo  and 
Memphis,  viz :  Phillip's  Crossing,  Point  Pleasant,  and  Tiptonville.  Shoal  water  and 
tortuous  channel  have  characterized  these  places,  and  the  latter  vicinity  has  been 
Marked  by  loss  of  property,  delay  of  steamboats,  and  many  channel  changes.  It  will 
continue  to  be  so  cnaract^rized  until  the  extremely  unstable  banks  from  New  Madrid 
to  Tiptonville  be  protected  from  the  assaults  of  the  river,  and  the  channel  otherwise 
fixed.  The  locality  is  aur  excellent  one  for  a  crucial  test  of  any  system  of  bank  pro- 
tection, much  of  the  river  bank  being  sandy  and  high. 

Should  the  Commission  consider  the  adyisability  of  work  of  river  improvement  else- 
where than  where  already  commenced,  I  would  suggest  this  field  as  one  where  im- 
provement is  urgently  demanded. 

PLUM  POINT  REACH. 

From  December  19,  1882,  to  June  6,  1883,  First  Lieut.  T.  W.  Symons,  Corps  of  En- 
gineers, was  in  local  charge  of  work  on  this  reach.  On  his  accepting  other  duty, 
United  States  Assistant  £ngineer  A.  J.  Frith  resumed  charge,  and  has  8inc«{  retained  it. 

Since  the  date  of  nnr  last  report,  additional  dikes,  shown  on  the  maps  of  the  reach 
annexed  (Plates  II- v),  and  as  follows,  have  been  ordered  by  the  Commission  :  IVa 
dikes  la  and  16,  between  dikes  1  and  2,  At  Gold  Dust :  dike  4,  in  Osceola  Chute,  and 
Aike  2,  in  BuUerton  Chute. 

The  dikes  in  course  of  construction  at  that  date  were  those  at  Gold  Dust — the  main 
dike  and  cross-dikes  1  to  5— the  Osceola  middle,  and  Osceola-Bullerton.  Later  work 
on  the  upper  Osceola  was  resumed.  Osceola  cross  No.  1  was  commenced  March,  1883; 
Osceola  cross  No.  2,  April,  1883 ;  Osceola  cross  No.  3,  March,  1883 ;  BuUertou  cross- 
dike  No  1,  June,  1883;  Plum  Point  main  dike  and  No.  1  cross-dike  in  September,  1883^ 
and  No.  2  cross-dike  in  October. 

Of  the  dikes  ordered  or  approved  by  the  Commissiou,  the  following  have  not  been 
commenced :  Osceola  cross  No.  4,  Bullertou  cross  No.  2,  and  Plum  Point  cross  Nos.  3, 
4,  and  5.  Osceola  cross-dike  No.  4  was  ordered  June  30,  1883,  but  its  construction 
eould  not  be  carried  on  at  low  water.  Bullerton  cross-dike  No.  2,  ordered  at  the  same 
time,  could  not  be  put  in,  as  the  attempt  so  to  do  would  have  interfered  with  the  use 
of  the  only  navigable  channel  near  Bullerton  Tow-head ;  the  Plum  Point  dikes  were 
deferred,  as  my  project,  in  which  they  were  incorporated,  was  approved  subject  to  the 
proviso  that  they  be  not  undertaken  so  lou|(  as  the  plant  can  be  employed  elsewhere, 
while  projects  submitted  from  time  to  time  covered  bank  protection  of  the  Ten- 
nessee shore  from  Ashport  to  Gold  Dust,  of  the  Arkansas  shore  from  Mill  Bayon  to  upper 
Osceola  Chute,  and  uoni  Bullerton  Cnute  to  Craighead  Point,  of  upper  and  lower 
Osceola  Bars,  of  Bullerton  Tow-head,  and  Yankee  Bar,  to  attempt  to  protect  more  than 
Bullerton  tow-head  has  been  found  impracticable.  That  this  snould  be  protected  waa 
necessary,  as  the  bar  in  front  continually  crowded  the  water  over,  thus  threatening 
the  cutting  in  two  of  the  tow-head ;  also  as  the  river  persisted  in  establishing  for  this 
season  the  main  channel  in  Bullerton  Chute,  there  might  have  been  much  wearing 
away  at  the  head.  Two  thousand  six  hundred  and  ninety-four  feet  of  mattress,  with- 
out upper  bank  protection,  were  built  at  Ashport,  and  so  far  have  served  to  prevent 
caving. 

The  following  table  shows  the  amount  of  work  reported  at  each  place  and  the  amount 
of  dike  actually  standing,  as  shown  by  the  reports  of  Assistants  Gender,  Marx,  Nolty, 
and  Yeager  (Appendices  J2-J  5)  and  the  plates  thereto  annexed  (Plates  II- V).  Th& 
difference  between  the  two  items  serves  as  a  basis  for  determining  the  total  amoant 
of  work  destroyed,  not  limited  to  the  past  year,  and  the  estimated  value  thereof. 
These  values  are  based  on  those  given  later  in  a  table^  showing  the  amount  and  cost 
of  aU  work  on  this  reach  : 
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The  damage  to  the  pile-work  resulted  from  the  weak  forms  of  dike  first  used,  from 
its  incomplete  condition,  and  trora  irresistible  scouring  action  of  the  rivisr. 

The  first  work  consist^sd  of  bents  formed  by  pulling  over  and  fastening  at  the  tops 
corresponding  piles  of  two  parallel  rows;  2,400  feet  of  this  was  removecl  by  scour  in 
the  absence  of  a  foot>mat.  Later,  dikes  of  piles  braced  by  single  inclined  piles  and 
longitudinal  stringers  were  tried  and  found  wanting;  the  one  at  Upper  Osceola 
Chute  having  been  almost  wholly  broken  off,  thongh  not  before  it  had  induced  much 
deposit  at  the  head  of  the  chute.  Then  was  tried  a  form  shown  in  my  report  of  1882, 
still  weak,  as  was  shown  by  its  experience  with  the  high  water  of  last  spring.  A 
standard,  planned  by  United  States  Assistant  Engineer  A.  J.  Frith,  has  b^en  adopted 
for  the  present,  and  will,  it  is  thought,  prove  sufficiently  strong. 

Apart  from  the  dikes,  even  if  finished,  being  too  weak  to  resist  the  great  strains  to 
which  they  have  been  subjected,  there  was  the  desire  to  take  advantage  of  favorable 
stages  of  water,  which  resulted  in  the  pile-woik  being  hurried  ahead  too  far  in  ad- 
vance ot  its  protecting  mat-work;  and  when  rising  water  came,  there  came  with  it 
masses  of  drift,  which,  at  the  sa'ne  time,  both  prevented  mat  construction  and  in- 
duced scour.  Finally  2jq00  of  the  3,300  feet  of  Osceola  middle  dike  were  carried  away 
by  the  river  suddenly  scouring  out  a  volnme  having  a  cross-section  of  1,200  feet 
width  and  20  depth.  Even  the  foot-mat  along  its  front  failed  to  stay  this  scouring 
action. 

D^age  to  the  bank  protection  has  resulte<l  from  three  causes:  Chiefly,  the  at- 
tempt to  work  at  too  high  stages  of  the  river,  in  consequence  of  wnich  the  mattress 
or  low-wat'Cr  protection  has,  by  rising  water,  been  carried  to  the  tops  of  banks  and 
there  grounded  so  high  as  to  admit  of  undermining;  secondarily,  water  seeping  from 
aecumolations  in  pools  and  abnve  comparatively  impermeable  strata  has  indnoed 
caving  in  rear  of  high- water  protection ;  and  in  a  very  few  cases  the  mattress  or  its 
moorings  have  been  found  too  weak  to  bear  the  strain  brought  upon  them  by  rapid 
currents. 

The  question  is  naturally  suggested,  is  a  repetition  of  this  great  damage  to  be  ex- 
pected f 

As  to  pile- work,  the  answer  is,  no.  The  height  of  the  tops  of  dikes  having  been 
lowered,  less  drifc  will  accumulate  against  the  dikes.  A  careful  following  up  of  pile- 
work  with  brnsh-work  and  mattressmg  of  openings  before  closing  them  will  diminish 
the  possibility  of  scour.  The  increased  strength  given  to  dikes  will  increase  their 
resistance,  and  eqnallv  beneficial  results  may  i>e  expected  from  a  reliance  on  cross- 
dikes,  in  some  oases  where  longitudinal  have  been  used,  as  in  the  case  of  Osceola  mid- 
dle diko.  Damage  to  this  was  exceptional  in  its  cause,  and  how  to  guard  against  like 
injury  is  not  yet  known. 

As  to  bank  protection,  loss  may  be  avoided  by  abstaining  from  efforts  to  build  a  low- 
water  protection  during  high  stages,  as  then  such  work  could  only  be  done  with  any 
hope  of  success  along  a  bluff  shore.  Mattresses  can  also  be  strengthened  to  stand 
any  currents  so  far  experienced.  Seepage  water  is  more  troublesome.  Drainage  of 
pools  may  be  attempted  in  favorable  oases;  but  more  likely  the  true  remedy  is  an  ex- 
ceedingly flat  slope  above  the  line  of  exudation. 

The  following  table  gives,  as  nearly  as  it  can  be  made  from  data  in  this  office,  the 
amonnt  and  cost  of  all  work  on  this  reach.    The  exceptionally  high  cost  of  Buller. 
ton  cross-dike  No.  1  is  due  to  deep  and  rapid  water ;  that  of  the  Plum  Point  dikes 
possibly,  to  the  fact  that  much  work  thereon,  being  incomplete,  can  only  be  estimated 


■F""*" 


CoQstmctioii  of— 


Plam  Point  dikes.. 
Bullerton: 

CroM  dikes.... 
Main  dikes  ... 
Towhead  bank 
tion. 
Osceola: 

Lower  bar  bank  protec- 
tion....  

Upper  bar  bank  protec- 
tion  


pioteo- 


Upper  dike 
Middl 


Idle  dike 

Cross  dikes  

^old  Dust  dikes 

Ashport  bank  protection 


Labor  in 
construc- 
tion. 


Material 
for  con- 
struction. 


I  Subsistence. 


$5, 187  26  I    $5, 416  11  I      $1, 078  80 


18.S37  38 
10,850  50 
32,766  60 


0. 407  36  < 
15,  K76  60  I 
30. 4*27  86  , 


5,318  27 

0.497  00 

10. 260  62 

17,866  67 

85,280  05 

5.187  05 


Totals I  216,074  31 


4.061  00 
0,850  63 
8,055  10 
14. 376  00 
70.680  53 
5,527  27 


H.  Ex.  37- 


■23 


3. 170  70 
6^371  50 
7,880  80 


11, 802  03         8, 504  86  ■        2. 040  66 


1,604  10 
2,234  80 
2.406  00 
4,611  60 
18, 010  50 
1. 402  20 


108,078  81         60.740  60 


Repair  and 

outfit  of 

plant. 


17,054  00 

17, 878  00 
28.086  00 
48,480  00 


15, 576  00 

8.104  00 

14,674  00 

14,740  00 

25,134  00 

128.002  04 

8,268  00 


317, 886  04 


Care  of 
property. 


$1, 166  22 

2,621  44 
4, 110  77 
7, 108  54 


2,283  84 

1,188  34 
2, 152  34 
2,162  25 
3.685  43 
18, 013  65 
1,211  66 


45, 704  47 


Steamer 
•  and 
towage. 


$8,615  28 

8,126  46 
12,743  88 
22.036  42 


7. 070  82 

8.683  85 
6.670  00 
6,703  00 
11,424  88 
55.460  46 
8.758  86 


141, 801  85 
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CoDstraotloii  of— 

Geneml 
administra- 
tion and 
ofiice   ex- 
pense. 

Sttirey. 

Misoellane- 
ous. 

Total  cost 

Total  eon- 
stracted. 

Approxi- 
mate price. 

« 

Plum  Point  dikes 

Bnllerton : 

CroAs  dikes 

$615  80 

1,884  80 
2, 170  50 
3,763  80 

1,205  90 

627  80 
1,186  80 
1.141  80 
1,947  00 
9,739  84 

639  80 

$397  70 

893  90 
1,401  80 
2.424  00 

778  80 

405  20 
738  70 
737  00 
1,256  70 
6, 264  36 
413  40 

$360  00 

855  00 
1,290  00 
2,200  00 

780  00 

360  00 
650  00 
650  00 
1,050  00 
5,173  48 
870  00 

$25,771  17 

67,973^ 

90,860  14 

157,087  61 

60, 642  75 

26,252  06 
47,689  67 
47, 766  07 
M.  352  23 
406. 634  81 
26,777  72 

*1.55ireet.. 

1,770  feet... 
8,805  feet... 
21,095  0  ... 

8,055a.-,. 

4.125  a  .--• 
7.8 15  feet... 
8,778  feet.. 
6.987  feet... 
85.083  feet.. 
4.041  n .... 

$16.65  p.  fL 

$32.76  p.  ft 
$11  p.  ft 
$7.85  p.  a 

$6.80  p.  a 

$6.40  p.  n 
$6.50  p.  ft 
$12.66  p.  ft 
$11.66  p.  ft 
$11.00  p.  ft 
$6.65  p.  a 

Main  dikes 

Tuvheftd  bank  pro> 
tection. 
Oaeeola: 

Lower  bar  bank  pro- 
tection   

Upper  bar  bank  pro* 
tection 

UDoer  dike 

lilddlndike 

CrO'is  dikes 

Gold  Dust  dikes 

Ashport  bank  protection. . 

Totals 

24.861  84 

15^700  56 

13«788  48 

1,018,687  76 

• 

*  Of  the  1.651  feet  marked  *,  1,500  were  incomplete,  and  are  estimated  as  750  feet  completed. 

KoTB.— The  sign  Q  moans  squares  of  100  sqnim  feet 

Methods  of  purchase  and  transfer  of  plant,  )iaid  for  out  of  the  first  appropriation  especially,  hare 
made  it  impnsvible  to  distinguish  between  repair,  outfit,  and  constructiou  of  plant  The  amounts  iA 
the  column  headed  ''Kepair  and  outfit  of  plant"  are  determined  by  deductinu  from  all  payments  lor 
plant  such  amounts  as  appear  in  another  table  as  "Approximate  first  cost  of  plant" 

The  reports  of  the  assistants  annexed  (Appendices  J  I  to  J  7)  describe  in  detail  the 
work  done.  By  no  means  tbe  least  important  report  is  that  of  United  States  Assistant 
Engineer  W.  H,  Powless,  in  charge  of  surveys,  to  which  is  attached  two  sheets  show- 
ing the  part  of  the  reach  under  improvement,  hydrographs  of  1882  and  1883,  and  one 
sheet  showing  a  comparison  of  areas  of  sections,  mean  depths,  and  profiles  (Plates  I^ 
Vlll,  and  IX).  Methods  of  administration  and  of  constrni'tion,  and  a  partial  description 
of  plant,  are  set  forth  in  the  report  of  Assistant  A.  J.  Frith  (Appendix  J 1,  and  Plates 
VI  and  VII},  and  a  description  of  one  of  tbe  hydranlic  graders,  with  cost  of  work  and 
forms  used  in  collating  information  by  which  to  determine  this  cost  and  the  t* fficiency,. 
is  set  forth  in  the  report  of  Assistant  8.  P.  Hatfield.  (Appendix  J 6.)  To  all  of  the 
assistants  credit  is  due  for  energy  and  Judgment  displayed  nnder  conditions  at  times 
far  from  enconraging,  and  especially  is  it  due  to  AHHistants  Frith,  Powless,  Gender. 
Kolty,  and  Marx.  The  plant  has  ac  all  times  bee"^!  kept  or  promptly  placed  in  good 
condition  by  Master  Carpenter  Henry  Adkins  and  Master  Mechanic  P.  B.  Sexton. 

I  am  also  instructed  to  report  upon  the  resnlts  of  work  s(»  far  done,  and  in  so  doinz 
I  am  guided  chiefly  by  a  study  of  comparative  sections,  which,  though  not  attached 
to  this  report,  have  served  as  a  basis  for  the  sheet  relating  to  sections  and  profiles  at- 
tached to  Assistant  Powless's  report  (Plate  IX).  These  sections  were  measured  De- 
cember, 18-^,  to  February,  1883,  and  September  to  October,  18c»:{;  the  stages  of  the 
river  dnring  these  months  are  shown  on  the  hydrographs  (Plate  VIII).  During  the 
former,  the  river  rapidly  rose  from  nearly  its  lowest  to  its  highest  stage,  and  dnring 
the  Jattcr  months  it  was-essentially  at  a  low  stage.  Tiie  high  water  only  affected  the 
o<»mparisons  of  sections  17  to  35,  and  these  but  slightly,  if  at  all,  as  the  rise  was  from 
the  Ohio,  comparatively  free  from  silt,  and  had  not  more  than  Met  in  before  the  com- 
pletion of  the  survey.  Dnring  the  low  water  of  l^J^li  the  river  was  not  gatiged; 
therefore,  no  comparisons  of  river  discharge  can  be  made. 

From  a  summary  presented  in  Assistant  Powless's  reports,  it  win  be  seen  that  between 
the  periods  of  the  low  waters  of  1882  and  1H83  there  has  been  a  decrease  of  0.9  foot^ 
or  6  per  cent.,  in  low-water  mean  depth,  one  of  4,728  square  feet,  or  9.5  per  cent.,  in 
low- water  mean  sectional  area,  and  of  109  square  feet,  or  3.3  per  cent.,  in  low-water 
mean  sectional  width.  These  are  doubtless  the  results  of  the  three  hi^h-water 
stages  of  last  spring.  Tlie  volume  of  fill  b^low  ordinary  high-water  mark  is  nearly 
three  times  that  of  scour;  below  low-water  mark  the  fill  in  4.6  times  that  of  scour. 
It  will  be  seen,  however,  that  the  low-water  channel  depths  are  greater  this  season 
than  last  in  the  following  vicinities:  Ranges  33,  34,  and  :i5,  outside  and  abont  the 
middle  of  Elmot  Bar;  Range  43,  opposite  the  middle  eiitiaiice  to  Osceola  Chute; 
Ranges  48  and  49,  in  the  crossing  from  Plum  Point  t.i>  Bnllerton  Chut.e;  Range  53,  at 
the  foot  of  Bnllerton  Chute;  Ranges  58,  59,  and  60,  at  tho  head  of  Yankee  Bar,  and 
Ranges  63, 64, 65,  and  t)6,  on  the  upper  side  of  Craighead  Point.  The  locality  of  chief 
interest  is  that  of  the  crossing  irom  Plum  Point  to  Bnllerton  Towhead.  I  am  in- 
formed that  in  past  years  this  has  been  the  troubleHoino  place  of  the  Plum  Point 
Seacli,    Certainly  there  has  here  been  an  increase  of  channel  depth  of  from  7  to  9  feet. 
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which  is  probably  due  to  the  contraction  produced  by  the  upper  and  lower  sections  of 
the  Osceola-Ballerton  dike.  It  is  true  that  an  effort  was  madu  to  join  these  sections. 
Had  this  effort  met  with  success^  it  is  believed  that  diverting  a  large  portion  of  so 
large  a  body  of  water  as  that  going  through  BnUerton  Chute  would  not  have  failed 
lo  give  results  at  this  crossing  equally  good  with  those  obtained.  In  front  of  Buller- 
ton  Towhead  there  has  been  rather  ar  reditftribution  of  material  than  an  increase  of 
eflective  low- water  area;  but  this  redistribution  has  been  such  that  the  deeper  water 
is  found  to  coincide  with  ihe  desired  new  channel.  When  the  PJum  Point  system  of 
dikes  is  more  nearly  completed,  I  can  see  no  reason  for  doubting  that  there  will  be  a 
channel  of  at  least  ten  feet  at  low  water  in  front  of  this  towhead. 

Immediately  behind  the  Gold  Dust  main  dike  the  bar  crest  has  raised  10  feet, 
TftDging  from  Vi  to  25  feet  above  the  level  of  the  low  water  of  1879;  the  latter  fifsnre 
la  reached  on  the  first  range  above  Elmot  Bar,  No.  31.  The  fill  runs  out  to  nothing 
about  600  feet  in  rear  of  the  dike. 

Consideration  of  the  results  gained  is  rather  premature.  Over  the  greater  portion 
•f  the  reach  the  works  are  in  too  incomplete  a  state  to  be  jndged  by  results.  JSuch 
Judgment  should  be  deferred  at  least  until  dikes  in  course  of  construction  are  com- 

Sleted,  and  the  Arkansas  shore  from  Mill  Bayou  to  Osceola  Chute,  Osceola  Bars,  and 
lullerton  Towhead  are  revetted. 

Below  are  given  the  works  so  far  planned  and  still  unexecuted,  and  an  estimate  of 
the  cost  of  their  completion : 

Ashport  revetment,  19,600 feet,  at $12 $23.%200  00 

Fletcher's  revetment,  2:^,520  feet,  at  $12 282,240  00 

Osceola  Bars  revetment,  13,720  feet,  at  $12 164,640  00 

Yankee  Bar  revetment,  7,840  feet,  at  $12 94,080  00 

Craighead  Point  revetment,  15,000  feet,  at  $12 180, 000  00 

Gold  Dust  dikes,  10,300  feet,  at  $12.25 126,175  00 

Plum  Point  dikes,  19.250  feet,  at$12 231,000  00 

Osceola  No.  3 dike,  1,000  feet,  at  $12.25 12,250  00 

Bullerton  No.  1  dike, 700  feet, $34.50 24,150  00 

BnUerton  No.  2  dike,  1,000  feet,  at  $25 25,000  CO 

1,374,735  00 

The  approximate  first  cost  of  plant  now  employed  at  Plum  Point  is  as  follows : 

32barges $48,000  00 

16  quarter-boats 58,320  00 

8  mattress-boRts 43,310  00 

Derrick-boat  No.  1 5,200  00 

Derrick-boat  No.  2 4,700  00 

2 hydraulic  graders 60,464  00 

14  pile-drivers 62,300  00 

2pile-driver8 10,640  00 

2  pile-drivers 9,240  dO 

eWhitehall  boats 339  00 

22  skiffs 5:^6  50 

29i'kifrs 6^0  00 

128kiffs 300  00 

lBt«;amboat 11,740  00 

1  steam-tug 9,500  00 

1  steam-Ian  nch  (sunk) 3,200  00 

1  ateam-lauuch 1,500  00 

Paid  from  Plum  Point  allotment 329,669  50 

1  machine-shop  boat $8,200  00 

5pile-driver8    26,625  00 

18  barges 34,045  00 

Paid  from  New  Madrid  allotment 68,870  00 


398,739  50 


BTATBMKNT. 


Allotment  from  appropriation  of  March  3, 1881 $500,226  67 

Allotment  from  appropriation  of  August  2y  1882 1,000,000  00 

1,500,226  07 
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Disbnxsed  by  Captain  Qainn..... $420,103  68 

IMsboTBed  by  Captain  SeaFB S96,866  96 

Diabaned  by  Captain  Knigbt 619,323  24 

Total  diabnnementB  to  November  1, 1883 $1,338,353  78 

Balance  on  band  November  1,  1883 161,872  89 

This  balance  is  acoonnted  for  aa  follows : 

In  tbe  United  States  Treasury $31,000  09 

In  tbe  bands  of  Captain  Sears 25,365  15 

In  the  bands  of  Captain  Knigbt 105,507  74 

161,872  89 

The  third  of  these  balances  had  been  redaoed  by  November  26, 1883,  to  the  follow- 
ing amoont,  $51,180.51. 

SUMMARY. 

The  following  table  shows  all  expenditares  made  for  the  first  district  MissiMlppi 
Biver  np  to  November  1,  and  also  inolades  $1^,319.45  of  liabilities  inoorred : 
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I  1. 

keport  or  arthur  j.  frith,  assistant  knginker,  upon  operations  on  thb  plum 

point  reach. 

United  States. Enoinbrr  Office, 

Elmot,  Ark,,  November  5,  1883. 

Captain  :  I  respectfnily  sabmit  herewith  a  report  apou  the  administration  of  the 
work  under  my  immediate  charge  during  the  past  year — the  i)laut  used,  methods  of 
construction  employed,  and  methods  of  quartering  and  subsisting  the  employ^. 

Previous  to  the  removal  of  your  office  to  Cairo,  I  acted  as  executive  engineer  in 
charge  of  construction  under  your  immediate  supervision,  and  fulfilled  like  dntiet 
for  Lieut.  Thomm  W.  Symons,  Corps  of  Engineers,  while  he  was  in  charge  of  opera- 
tions at  Plum  Point,  from  January  to  June,  1883.  Since  his  departure  I  have  bad 
immediate  supervision  of  all  work  of  construction  and  repairs  relative  to  the  im- 
provement of  this  reach.  I  have  been  ably  assisted  by  the  assistant  engineers  iu  local 
charge  of  various  sections  of  the  work.    Their  duties  have  been  ai  follows : 

All  srirveys  and  gauging  ob^tervations  and  the  preparation  of  all  maps  and  tables 
of  results  made  dnriug  the  year  have  been  oonduoted  by  Assistant  Engineer  W.  fl, 
Powless  and  party. 

In  charge  of  mattresses  and  pile  dikes  at  Qold  Dust,  Assistant  Engineer  George  W. 
Gender,  assisted  by  Messrs.  W.  L.  Seddon  and  W.  A.  Gould- 

In  charge  of  mattresses  and  pil#  dikes  at  Plnm  Point  and  in  Bullerton  Chnte,  As- 
sistant Engineer  K.  A.  Yeager. 

In  charge  of  mattresses  and  pile  dikes  npon  Osceola  Bar  and  in  Osoeola  Chutes,  As- 
sistaut  Eugineer  Charles  D.  Marx. 

In  charge  of  mattressing  of  Bullert4>n  Towhead,  Assistant  Engineer  Aug.  J.  Nolty, 
while  Assistant  Engineer  S.  P.  Hatfield  has  had  charge  of  Grader  No.  4  and  its  opera- 
tions at  various  localities. 

To  keep  strict  supervision  on  field  operations,  these  gentlemen  have  had,  for  pile, 
driving,  fleet  foremen,  directing  the  foremen  of  pile-drivers,  and  for  mattress  work, 
one  head  foreman,  and  from  one  to  three  sub-foremen,  as  found  necessary. 

The  care  of  quarters,  property,  and  clerical  work  is  intrusted  to  a  boarding  mastsr 
on  each  large  quarter  boat,  under  the  supervision  of  an  assistant  engineer. 

Daily  reports  from  each  pile-dnver,  showing  depth  of  water,  number  of  piles  driven, 
number  of  riders  erected,  piles,  drift-bolts,  and  staples  used,  are  received  by  each  as- 
sistant in  charge  of  dike  construction,  and  all  assistants  submit  to  this  office  ten-day 
reports  of  progres'*,  material  received,  subsistence,  and  delays  and  difficulties  en- 
countered. 

Repairs  of  plant  are  in  charge  of  a  master  mechanic  and  a  master  carpenter,  who, 
with  their  forces,  are  stationed  at  headquarters,  as  are  all  the  necessary  clerks  and 
commissary. 

PLANT. 

For  the  prosecntion  of  the  work  we  have  had:  3  tow-boats,  1  steam  launch,  1  ma- 
chine-shop boat,  2  derrick  boats,  23  pile-drivers,  9  mattress  boats,  50  barges,  1  coal 
flat,  16  quarter  boats. 

PUe-dricers. — ^All  drivers  furnished  are  designed  to  sink  the  piles  with  a  hydranlio 
Jet,  assisted  by  a  heavy  hammer  when  stiff  soil  or  unyielding  material  is  encountered. 
Of  these  there  are  two  kinds. 

First.  Drivers  with  :I0  feet  leads,  which  are  those  originally  built  on  the  works 
for  driving  both  straight  and  inclined  piles.  These  have  been  altered  so  far  as  per> 
tnaneutly  fixing  the  leads  for  straight  driving,  stiffening  the  leads,  etc. 

Second.  Those  with  35  and  45  feet  leads  arranged  to  drive  over  the  side.  These  in* 
elude  all  those  furnished  during  the  past  year,  upon  which  few  alterations  have  been 
macle,  except  bracing  and  stiffening  the  leads  and  frames.  This  form  has  prove^t  mora 
convenient  than  No.  1,  especially  those  with  high  leads,  and  carrying  heavy  double 
pumps,  with  12X 10  inches  stuam  cylinder,  6x10  inches  water  cylinder,  and  delivering 
water  at  60  pounds'  pressure  at  the  nozzle  and  90  pounds  at  the  pump.  They  givs 
greater  progress  in  the  heavy  clay  and  gravel  encountered.  '  The  lighter  pompSg 
capable  of  delivering  300  gallons  per  minute  at  moderate  pressure,  are  efficient  in  or* 
dinary  soils;  but  as  the  resistance  to  driving  increases,  the  use  of  the  2,000-ponnd 
hammer  becomes  imperative.  All  drivers  are  provided  with  these  hammers,  raised 
by  a  permanent  line,  by  which  light  and  rapid  blows  are  delivered,  and  their  employ- 
ment is  necessary  to  penetrate  mattresses  and  many  strata  that  are  encountered. 
Experience  with  the  Jet  has  developed  the  belief  that  1^  to  2  inches  diameter  is  mors 
efficient  than  the  smaller  size. 

From  twenty  to  twenty-three  piles  a  day  have  been  driven  under  favorable  oircum- 


REPORT   OF   THE   MISSISSIPPI   RIVBR   COMMISSION.  359 

stances;  bat  when  deep  water,  varying  strata,  moving  braoesi  fasteniug,  and  other 
delays  are  encountered,  twelve  piles  is  a  fair  day's  average. 

These  drivers  are  capable  of  being  employed  in  45  feet  of  water  and  considerable 
«nrrent,  but  efficient  driving  iri  difficult  in  water  over  30  feet  in  depth  and  in  violent 
«nrrents. 

Maitreaa  boats,  -  At  the  commencement  of  the  year  we  had  in  all  six  mattress  boats: 

Two  s212  feet  in  length  for  200-foot  matties^es. 

Three  100  feet  in  length  for  100-foot  mattn'sscs. 

One  175  feet  in  length  for  150-foot  mattresses. 

Of  these,  two  are  designed  for  mattresses  with  a  wire  base ;  the  others  fur  mat- 
tresses woven  on  poles.  We  liave  since  received  three  boats  160  feet  in  length,  also 
for  pole  mattresses.  The  design  of  these  boats  is  not  exactly  similar  bat  experience 
has  taught  that  the  main  requisites  for  the  pole  mattress  are  an  ample  platform  on 
the  lower  side;  ways  with  a  slope  of  1  foot  In  ^H  f<B^t  running  close  to  the  water,  but 
not  too  far  over  the  edge  of  the  barge,  aUo  capstans  at  the  endj  for  ready  handling, 
and  a  liberal -nnmber  of  chocks  and  kevels  for  fastening  lines. 

Quarter-boat^, — There  are  now  in  service  twelve  qnarter- boats,  including  that  used 
as  office  and  headquarters,  and  one  for  storinu:  supplies.  At  the  commencement  a 
fiarae  bntlding  on  an  ordinary  brush  barge  fnltilled  all  requirements,  but  the  incon- 
veniences and  discomforts  of  this  form  led  to  the  building  of  the  type  now  in  use,  and  in 
which  it  was  endeavored  to  combine  all  that  is  necessary  for  the  health,  comfort,  and 
safety  of  the  employes.  Mo»t  of  these  boats  were  built  upon  the  works,  and  consist 
of  a  sound  coal  barge,  the  hull  of  which  is  used  for  kitchen,  stores,  and  dining-room, 
the  npper  works  containing  rooms  for  assistant  in  charge  and  foreman,  and  sleeping 
qnarters  for  the  men.  The^e  boats  are  pnivided  with  life  line  and  tioats,  and  buckets 
and  water-barrels  to  be  used  in  case  of  tire,  and  accommodate  124  in  all,  including 
officers,  cooks,  and  men. 

Graders, — Two  hydraulic  graders.  No.  2  and  4,  have  been  allotted  to  work  on  this 
reach. 

No.  2,  dnring  the  fore  part  of  the  year,  was  in  Uvse  at  Memphis,  and  was  later  held  in 
reserve  until  on  September  26,  when  about  to  be  used  in  Elmot  Chute,  it  was  sunk 
and  disabled.     It  has  since  been  raised,  and  is  now  in  progress  of  repair. 

No.  4  has,  except  during  the  high  water,  been  in  almost  constant  use  during  the 
year,  the  work  done,  being  highly  efficient  and  satisfactory. 

Tnesegraaers  are  each  titted  with  three  boilers  22  feet  long  by  40  inches  diameter  of 
flhell,  doable  compound  coudensing  pumps  with  18  and  3t>  inch  by  24  inch  steam 
oylindera,  and  16  by  24  inch  water  cylinders,  and  deliver  2,000  gallons  a  minute  into 
an  iron  pipe  boom,  reaching  up  the  bank,  and  from  which  lead  the  hose  to  the  various 
working  nozzles.  Two  l^  and  one  If  inch  nozzles  are  ordinarily  used,  with  pump 
pressure  of  110  pounds  and  nozzle  pressure  of  80  pounds,  the  efficiency  of  water  cylin- 
der being  almost  80  per  cent.  The  woven  cotton  hose  has  proved  in  ukc,  the  most  re- 
liable.  One  grader  has  removed  from  1,800  to  4,000  cubic  yards  of  earth  per  day,  at 
an  average  cost  of  2.98  cents  a  yard,  including  wages,  coal,  subsistence,  &c.  Each 
grader  is  provided  with  electric  lights  for  night  worK. 

Barges, — ^To  supply  material  to  various  parties  there  are  used  fifty  barges.  100  by  25 
feet,  and  one  smaller  barge,  ased  for  coal.  Many  of  these,  constructed  with  a  view 
to  carrying  light  brush,  have  broken  down  under  the  heavy  willows  generally  fur- 
nished. Those  received  later  in  the  year  and  others  altered  here  are  better  propor- 
tioned, having  6-foot  gunwales  and  two  4-inch  fore-and-aft  bulkheads,  heavy  head- 
blocks  and  bits,  and  carry  150  cords  of  brush  or  200  cubic  yards  of  rock.  There  are 
among  the  general-service  barges  some  30  by  120  foot  barges  carrying  330  cubic  yards 
of  roclL.  These  are,  however,. difficult  to  handle  in  )ieavy  currents  when  sinking 
mattresses. 

METHODS  OP  CONSTRUCTION. 

Pile  dikes, — ^The  dimensions  of  piling  used  during  the  year  were  increased  over  thosa 
prevtonsly  accepted,  by  increasing  the  least  size  at  the  top  to  8  inches  from  6,  the 
maximnm  limit  at  the  foot  being  18  inches.  Cottonwood  piles  form  the  bulk  of  the 
material  used,  though  considerable  cypress  has  been  received.  The  piling  was  re- 
oeived  in  rafts  landed  at  points  above  the  localities  where  each  piece  of  work  was  in 
progress,  and,  when  practicable,  dropped  in  small  sections  to  the  drivers;  if  not, 
the  derrick  boat  loaded  100  to  140  of  them  on  barges  which  were  towed  to  conveni- 
ent localities  for  sorting  and  distribution. 

The  croas-section  of  dikes  used  in  the  early  months  of  the  year  is  shown  in  Plate  YI, 
Fig.  1,  with  spacing  of  7^  feet  between  each  trass.  As  a  considerable  portion  of  this 
dike  was  destroyed,  with  your  permianion  I  undertook  an  investigation  to  determine 
a  form  of  dike  which  should  combine  an  equality  of  resistance  coupled  with  economy 
of  material  and  a  liberal  factor  of  safety,  and  of  proportions  that  could  be  maintained 
in  alt  depths  of  water.  The  difficulty  of  determining  exact  data  for  these  calcnlations 
throws  some  ambiguity  into  the  whole  subject;  still  ic  is  believed  that  the  form  chosen 
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and  since  used  is  the  best  that  oar  facilities  allow,  and  since  low  fignres  were  takeu 
on  doubtfnl  points,  can  be  relied  upon  to  withstand  the  destroying  forces  of  the  river. 

Much  of  the  dike  work  now  in  place  was  constructed  before  a  satisfactory  form  wsa 
adopted,  but  the  design  used  since  about  May,  1883,  is  that  shown  in  Plate  VI,  Fi^s.  2( 
and  4,  in  which  the  width  equals  twice  the  height  of  the  dike.  Up  to  10  feet  in  heij^ht 
A  single  row  of  piles  is  used ;  from  10  to  20  feet,  the  form  shown  in  Fig[s.  3  and  4  with 
a  single  pile  in  front  rows ;  from  20  to  30  feet,  a  cluster  of  two  piles  is  used  in  front 
TOW ;  from  30  to  40  feet,  a  cluster  of  three  piles;  from  40  to  45  feet,  a  cluster  of  four 
piles,  each  pile  in  the  cluster  having  its  own  cable.  After  35  feet,  doable  or  treble 
piles  are  used  in  middle  and  back  rows. 

The  entire  dike  is  cross-braced  on  top  to  prevent  any  racking  motion  while  under 
atrain,  and  the  intersections  of  piles  and  riders  are  well  wired  and  drift-bolted.  The 
cables  used  contain  six  strands  of  No.  8  wire  or  eighteen  strands  of  No.  12,  and  have 
a  large  factor  of  safety  to  resist  deterioration.  By  varying  the  spacing,  any  degree  of 
strength  oan  be  obtained.  The  spacing  used  has  varied  between  6  and  9  feet.  This 
design  is  calculated  to  balance,  in  varying  depths  of  water,  the  tendency  to  complete 
overturning  of  the  dike,  to  riestrnction  of  «'ach  memlier  by  direct  strain  ,and  to  the 
central  breaking  of  the  front  pile  by  the  pressure  of  the  water.  It  will  probably  be 
found  advisable  in  future  construction  to  replace  the  wire  cables  by  iron  tie  rodn,  with 
some  means  for  quick  and  easy  coupliug  of  the  short  rods  to  suit  the  varying  lengtha 
desired. 

The  soft,  permeable  and  uiistabie  soil  in  which  the  dikes  are  driven  is  one  of  the 
main  causes  of  their  failure,  and  one  of  the  most  difficult  obstacles  to  guard  against. 
Heavy  mattressing  of  the  foot  of  the  dike  seisms  to  be  alone  capable  of  obviating  this  ; 
but  with  the  horizontal  mattresses  used  during  the  first  months  of  the  year,  instances 
nave  occurred  in  which  the  current  has  passed  completely  under  them ;  nence  thi  grill* 
Age  mattress,  formed  of  two  layers  of  brush  at  right  angles,  held  together  by  a  mme 
of  poles  wired  through  and  through,  the  whole  being  sunk  between  the  rows  of  pil- 
ing, and  the  footmats  in  front  of  the  dikes,  have  not  lately  been  sunk  flat  upon  the 
bottom,  but  are  arranged  as  shown  in  Fig.  3,  A.  being  the  grillage,  and  C  the  tipped 
mattress,  which  takes  the  place  of  the  footmat  in  all  but  main  dikes.  Very  good  re- 
sults were  obtained  with  grillage  thus  arranged  at  Gold  Dust  this  spring.  The  tip- 
ped matress,  which  is  in  part  a  curtain,  has  been  made  from  30  to  100  feet  wide,  and 
firom  100  to  150  feet  long,  the  inclined  portion  being  supported  on  piling  or  heavy  poles. 
This  form  has  a  ten<tency  to  throw^  the  current  upwards,  thus  inducing  at  nt>it  a 
deposit  in  the  angle  B  which  will,  it  is  believed,  increase  in  a  manner  similar  to  sand 
waves.  It  has  the  further  advantage  of  following  up  a  scour  with  all  the  force  of  the 
impinging  current,  while  the  tipped  grillage  in  the  rear  prevents  a  destructive  action 
of  the  induced  eddy. 

To  avoid  the  destroying  action  of  drift,  experienced  with  portions  of  dikes  driven 
at  high  water,  dikes  are  now  built  up  to  the  15-foot  stage,  rising  to  25  feet  as  tbey 
Approach  the  shores,  which  are  guarded  against  scour  by  thorough  mattressing  at  tbo 
extremities  of  the  dike  (Fig.  4).  On  high  dikes,  an  immense  accumulation  of  drift 
occurs  at  high  water,  which  rendered  all  work  at  this  stage  during  last  spring  ex- 
tremely difficult  and  unsatisfactory. 

For  operations  at  this  stage  an  extra  row  of  piles  should  be  driven  in  front  of  the 
dike  to  hold  back  the  drift  until  mattresses,  d&c,  are  completed,  after  which  it  may 
disappear  or  not,  as  in  the  design  it  is  not  considered  as  part  of  the  dike.  In  the  de> 
stractive  action  of  drift  it  is  not  so  much  the  actual  pressure  which  is  to  be  feared,  as 
this  is  much  less  than  is  generally  believed,  but  that  the  accumulation  of  floating 
material  contracts  the  section  of  discharge  and  causes  a  scour  below  equal  to  its  own 
depth,  and  thus  tends  to  destroy  the  structure.  If  this  scour  can  be  guarded  against 
the  drift  offers  a  gr^at  and  useful  resistance  to  the  current,  and  in  the  case  of  Osceola 
eross-dike.  No.  1  (rig.  2),  where  the  drift  is  600  feet  wide  by  1,200  feet  long,  the  current 
in  the  chute  almost  entirely  ceaseil  merely  from  resistiiuce  to  the  flow  of  water  offered 
by  the  lower  surface  of  the  drift,  and  has  caused  a  heavy  deposi:  both  above  anil  be- 
low it,  while  the  pressure  against  th  •  dike  cannot  be  greater  than  that  of  a  head  of 
water  equal  to  the  total  high-water  fall  <»f  the  chute  The  drift  is  10  feet  thick  at 
the  dike,  rising  to  nothing  on  outer  edge,  ami  has  scoured  out  the  soil  beneath,  an 
amount  equal  to  its  own  thickness.  Thin  dike  suggests  a  useful  employment  of  a  very 
troublesome  material,  especially  in  localitien  where  the  depth  at  high  stiiges  of  tlitt 
river  is  not  such  as  to  totplly  prevent  piles  being  driven,  and  may  be  the  most  efficient- 
form  of  obstruction  for  high- water  dikfs. 

Matire^eeB, — ^I'he  willow  bnish  has  been  furnished  by  contract,  and  has  been  ac- 
cepted from  2  to  5  inches  at  the  butt  and  forty  feet  long.  The  contractors  furnish  it 
loaded  on  barges  at  tbeir  various  camps  fr>im  whence  we  tow  it  to  the  parties  needing 
it.  Rainy  weather  and  the  soft  condition  of  the  localities  where  it  is  obtained  have 
kept  the  supply  of  brush  almost  constantly  below  the  requirements,  from  which  trouble 
and  delay  have  been  suffered  throughout  the  year. 
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Several  methodB  of  oonstruotiog  mattresses  have  been  followed,  governed  by  their 
localities  and  the  work  they  were  expected  to  perform. 

They  may  be  classified  as  follows: 

1st.  Shore  raattreiw  for  the  protection  of  the  banks. 

2d.  Revetmentf  or  protection  of  high-water  slopes. 

3d.  Foot  mattress,  for  protection  of  dikes. 

4th.  Tipped  mattress. 

5th.  Grillage  mattress. 

1st.  Shore  mattresses  for  the  proteotion  of  caving  banks  have  been  made  in  widtha 
varying  from  100  to  150  feet  and  lengths  governed  by  the  diffloulties  in  sinking.  Whei> 
no  particular  danger  is  t«»  be  auticipated,  this  mattress  may  be  cuntinuons  to  almost 
maj  length.  Two  varieties  have  been  in  use:  Istythatused  by  Mujor  Ernst  below 
Saint  Louia,  where  the  willows  are  woven  on  poles,  preferably  of  sycamore,  7  to  d 
feet  a)>art,  Plate  VII,  Fig.  5,  and  forming  a  stiff  and  strong  mattress,  of  which  170" 
feet  a  day  have  been  made  with  light  brush  and  under  favorable  circumstances.  Thia 
mattrpss  is  easy  of  construction  and  has  been  mostly  used  during  the  year. 

2d.  There  has  also  lieen  used  along  the  face  of  Bnllerton  a  100-foot  mattress  woven 
on  a  wire  base,  the  willows  bein^  int-erlaced,  as  shown  in  Plate  YII,  Fig.  6,  forming^ 
a  mattress  which  is  extremely  pliable  and  hence  more  easily  sunk.  It  is  not  so  easily 
constructed  as  the  first,  but  a  slightly  greater  average  length  a  day  has  been  obtained* 

The  majority  of  brush  furnish^  lately  has,  unfortunately,  been  too  large  and  heavy 
to  obtain  the  best  results. 

As  the  shore  mattresses  are  made  they  are  guyed  to  the  shore  by  1^  to  3  inch  lineSy 
which  are  removed  as  they  are  sunk. 

The  mattresses  are  fastened  to  the  shore  by  wire  cables  or  wires  at  frequent  inter- 
vals and,  ^hen  necessary,  piles  have  been  driven  through  the  mattress  to  prevent  any^ 
movement. 

When  a  stretch  of  mattress  1,000  or  more  feet  in  length  is  to  be  sunk,  great  care 
m  ust  be  used.  In  light  currents  the  most  rapid  and  easiest  method  (Plate  YII,  Fig 
7)iB  to  commence  sinking  at  the  bead,  keeping  the  inner  side  of  the  mattress  snnk  a 
little  in  advance,  and  carefully  sounding  to  see  that  it  does  not  rise  after  the  force  of 
the  current  is  removed.  It  will  be  perceived  that  the  weak  point  is  in  the  corner  (A> 
where  th^  sharp  bend  tends  to  break  the  poles  or  willows,  and  where  there  is  nothing 
to  resist  the  downward  pull  of  the  current  but  the  flotation  of  the  mattress. 

When  the  water  is  very  rapid  it  has  been  our  practice  to  commence  sinking  at  the- 
lower  end  (Plate  VII,  Fig.  8)  where  the  hbore  side  is  also  kept  sunk  a  little  ahead. 
This  necessitates  the  drawing  of  stone  barges  up  stream,  which  even  in  the  slack- 
water  behind  the  mattress  is  trf>ublesome  and  takes  much  time;  still  it  has  proved 
much  the  safer  method,  as  there  is  little  chance  of  sharp  bends  and  broken  willowa 
or  the  loss  by  collapsing  of  an  entire  mattress  from  a  single  accident.  It  is  believed 
that  with  this  method,  when  the  mattress  is  made  sufUciently  strong,  especially  on 
the  outer  edge,  and  has  been  snfficii'ntly  guyed,  that  a  collapse  or  entire  loss  is  simply 
impossible.  In  October,  ISn'S,  on  Bnllerton  l,i^  feet  of  mattress  were  snnk  in  4(^ 
feet  of  wai-er  with  a  five-mile  current.  This  mattress  was  built  on  a  netting  formed 
of  wire  cables  such  as  were  used  on  the  dikes;  still,  at  first,  it  proved  too  light  and 
broke,  yet  but  75  running  feet  were  lost.  It  was  then  strengthened  until  we  had 
three  caliles  on  the  outer  e<lge  and  extra  poles  and  wire  on  the  outer  50  feet,  when  it 
was  snnk  in  place  in  perfect  shape  without  difficulty. 

We  have  been  extremely  fortunate  in  sinking,  and  except  when  a  mattress  was  torn 
bodily  from  its  fastenings  by  drift  at  high  water,  but  very  little  has  been  lost.  Great 
care,  however,  is  always  necessary  to  see  that  the  rock  is  uniformly  distributed,  and 
that  the  mattress  is  thoroughly  down  in  every  part. 

Our  mattresses  have  averaged  from  one  half  to  tliree-fourths  of  a  cord  of  brush  to 
the  100  square  feet,  which  is  sunk  with  from  three- fourths  to  one  and  one-fourth  cubic 
yanls  of  rock,  more  being  necessary  with  the  second  method  of  sinking  than  with 
the  first. 

2d.  Kevetmont  for  the  protection  of  high- water  bank,  which  should  previously 
be  graded  to  the  required  slope,  is  composed  of  a  frame  of  stout  poles  with  12  to  15 
foot  squares  (Fig.  4)  well  wired  at  the  intersections;  over  this  a  heavy  layer  of  brush 
ia  placed,  then  a  second  frame  ou  top,  the  whole  being  sewed  and  wired  through  and 
through.  This  is  to  form  a  bane  for  a  covering  of  rock  placed  almost  in  Juxtaposition, 
though  frequently  we  have  been  ol»liged  to  content  ourselves  with  just  sufficient  rock 
to  keep  brush  in  place.  The  great  enemy  of  a  revetment  is  the  flow  of  subsoil  water 
ih>m  the  bank;  the  drainage  of  low  lands  iu  the  rear  has  greatly  lessened  this  evil. 

3d.  Foot  mattresses  placed  at  the  foot  of  pile  dikes  have  been  made  from  50  to  l(X> 
feet  wide,  and  in  construction  do  not  differ  from  those  made  for  protection  of  the  bank. 
They  are  easily  sunk  even  iu  rapid  currents,  by  startiug  at  the  head  and  keeping  the 
crease  of  the  mattress  m  the  geueral  direction  of  the  current. 

4th  and  5th.  Tipped  and  grillage  mattresses  have  already  been  thoroughly  discussed 
under  the  head  of  dikes.    To  sink  the  former  in  heavy  current^  especially  when  th» 
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direction  of  the  dike  is  aerose  the  flow  of  the  most  rapid  water,  they  have  been  made 
in  short  sections  thoronghly  fastened  with  lines,  and  the  inner  edge  sank  nutil  the 
enpporting  wires  are  in  tension  when  the  stiffness  of  the  mattress  allows  the  cater 
edge  to  go  down  without  mnch  troable. 

QUARTERING  AND  SUBSISTING  OF  MEN. 

With  the  large  force  of  laborers  employed,  it  became  necessary  to  attend  to  the 
eomfort,  health,  and  safety  of  the  men,  and  it  is  believed  that  the  form  of  quarter- 
boat  already  meationed  meets  all  that  is  reqnired  withont  unnecessary  expense. 

These  boats  are  used  exclusively  by  the  mattress  parties,  each  quartering  from  100 
to  125  men  in  all,  who  are  provided  with,  and  held  responsible  for,  mattresses  and 
bedding.  Bread,  fresh  meat,  and  ice  are  delivered  by  the  tow-boats  each  day,  and 
general  stores  every  15  days  on  requisitions  of  the  boarding  masters  in  charge,  who 
also  furnish  each  month  an  account  of  the  amount  used,  number  of  meals  furnished, 
^c,  from  which  the  cost  of  a  ration  is  deduced.  This  has  averaged  about  29  cents 
lor  the  raw  and  40f  cents  for  the  cooked  ration  for  one  man  each  day. 

Each  pile-driver  has  qnarters  for  its  foremen  and  crew,  while  every  6fth  driver  haa 
extra  accommodations  for  kitchen,  dining-room,  and  fleet  foremen,  and  can  furnish 
meals  for  flfty  men. 

A  bakery  was  built  at  Plum  Point  to  furnish  400  to  500  loaves  of  fresh  bread  a  day, 
but  will  soon  be  transferred  to  floating  quarters  as  more  convenient  during  the  higher 
stage  of  the  rivc;r. 

Very  respectfally,  year  obedient  servant, 

ARTHUR  J.  FRITH, 
United  States  AMistant  Engineer  in  charge, 

Oapt.  John  G.  D.  Knight, 

Ccrps  of  Engineers, 


I  2. 

BEPORT  of  GEORGE  W.  GENDER,  ASSISTANT  ENGINEER,   UPON  OPERATIONS  AT  QOIM 

DUST,  TENNESSEE. 

Gold  Dust,  Tenn.,  Ootoher  31,  ia83. 

Captain:  I  have  the  honor  to  submit  to  you  the  following  report  of  operations  at 
Gold  Dust,  Tenn.,  from  December  1, 1882,  to  October  31, 1883: 

The  present  condition  of  the  work  at  this  point  is  represented  on  the  sketch  for- 
warded with  this  report,  Plate  III;  also  the  total  amount  of  construction  completed, 
the  notps  of  which  are  placed  upon  the  sketch.  Stations  were  established  every  lUO 
feet  to  refer  the  work  to. 

Operations  at  this  locality  were  in  progress  on  the  1st  of  December.  1882,  and  con- 
tinned  up  to  this  writing  with  such  interruptions  only  as  were  mane  necessary  bj 
nnfavorable  stages  of  water.  This  ye^r  has  been  remarkable  for  its  protracted  period 
of  high  water,  which  divided  the  year  into  two  distinct  working  seasons. 

The  work  done  at  this  point  previous  to  December  1,  1882,  consisted  of  a  main  dike 
6,200  feet  long,  from  Station  47  to  Station  99, 

On  December  1,  1H82,  a  force  of  men,  with  their  quarters  and  a  complete  outfit  for 
constructing  footmat,  was  transferred  from  Ashport  to  Gold  Dust,  and  the  construo- 
tion  of  a  mat  100  feet  wide,  placed  directly  in  front  of  the  main  dike,  was  begun. 

Two  smalt  mattress  boats,  each  luo  feet  long,  were  used;  one,  commencing  at  the 
np-stream  end  of  the  main  dike  at  Station  97-{-57,  constructing  a  continuous  mat 
1,713  feet  long,  and  the  other,  beginning  near  the  middle  at  Station  74,  constructing 
a  continuous  mat  2,9r>l  feet  long,  which  extended  to  the  lower  end  of  the  dike. 

On  the  10th  of  December  a  dcct  of  10  pile-drivers  arrived  and  commenced  driving 
on  Cross  Dikes  Nos.  1  and  2.  During  the  first  ten  days  of  Jannary  this  fleet  was 
increased  to  17  |iile-drivers.  These  dikes  were  constructed  after  the  improved  form 
introduced  by  order  of  Mr.  A.  J.  Frith,  assistant  engineer  in  charge,  and  connisted  of 
two  rows  of  piles  14  feet  apart,  with  piles  in  each  row  spaced  1\  feet  between  centers. 
Longitudinal  riders  were  placed  on  the  entire  length  of  both  rows,  secured  to  the 
piling  by  drift-l>olts  and  wire.  The  two  rows  were  joined  by  horizontal  braees  placed 
in  the  direction  of  the  current  as  near  as  might  be,  and  resting  on  the  riders  of  both 
n>ws.  They  were  drift-bolted  and  wired  to  pile  and  rider.  This  construction  waa 
strengthened  by  wire  cables,  consisting  of  six  strands  of  No.  8  wire,  which  were  fas- 
tened to  the  pilen  in  the  front  row  16  feet  (required  penetration)  above  the  lower  end 
•of  the  pile,  and  around  pile,  brace,  and  rider  of  the  rear  row. 

After  Cross  Dikes  Nos.  1  and  2  had  been  completed,  with  the  exception  of  a  passage 
way  for  barges  and  material,  the  river  began  rising.  In  order  that  piles  might  be 
•driven  over  that  portion  of  Elmot  Bar,  which  was  exposed  at  low  stages,  pile-driven 
were  moved  to  the  bar  end  of  Cross  Dikes  Nos.  3,  4,  and  5.  The  water  contlcned  to 
rise  and  soon  submerged  the  dikes  when  operations  were  necessarily  suspended,  Feb> 
ruary  21,  with  the  river  at  a  30-foot  st>age.     The  force  was  reduced  and  pile  drivers 
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transferred  to  Plnmb  Point  to  make  necessary  repairs  and  alterations  for  better  con- 
tinuance of  work. 

Daring  the  time  of  operations  4,899  linear  feet  of  dike  were  driven.  There  were 
also  constructed  4,664  linear  feet  of  footmat  100  feet  wide  at  the  main  dike,  738  linear 
feet  50  feet  wide  at  Cross  Dike  No.  1,  and  1,270  linear  feet  of  footmat  50  feet  wide  at 
Cross  Dike  No.  3.  The  largest  amount  of  footmat  constructed  in  any  one  day  on  one 
mattress  boat  was  251  linear  feet.  Wattling  10  feel  wide  was  placed  on  the  main 
dike  for  it«  entire  length. 

When  the  water  began  rising  there  were  2,420  linear  feet  of  footmat  on  the  snrfaee 
of  the  water  and  no  stone  could  be  procured. 

At  the  lower  end  of  the  main  dike  412  linear  feet  were  still  afloat.  Quantities  of 
^rifb  crowded  beneath  the  mat,  increasing  the  current  under  the  mat  to  such  an  extent 
that  it  caused  a  deep  scour  at  the  piles.  As  soon  as  this  scour  was  noticed  sacks  were 
aent  for,  but  before  these  were  tilled,  loaded,  and  towed  iu  place,  this  portion  of  the 
dike  was  scoured  out  and  the  accumulated  raft,  consisting  of  dike  mat,  and  drift 
proceeding  down-stream  struck  Cross  Dike  No.  3,  which  was  temporarily  able  to  re- 
sist the  great  pressure,  but  being  unprotected  by  a  footmat,  after  several  days  a  por- 
tion of  it  scoured  out. 

This  mass  of  drift,  driven  by  the  swift  current,  struck  Cross  Dike  No.  4  with  irre- 
sistible force,  demolishing  a  portion  of  that  dyke. 

At  Cross  Dike  No.  1, 73b  linear  feet  of  footmat,  and  at  Cross  Dike  No.  2,  1,270  linear 
feet  of  footmat  50  feet  wide  were  still  afloat,  and  the  sand  bags  were  used  on  these  with 
success.  By  this  time  the  dikes  were  entirely  submerged,  and  the  mats  were  anchored 
by  wires  fastened  to  the  piles.  Sinking  was  done  from  skiffn,  as  the  drift  above  and 
the  dike  below  the  mat  prevented  the  use  of  barges.  Sinking  was  very  difficult,  as 
the  current  was  at  right  angles  to  the  line  of  the  dike,  and  therefore  hatl  a  tendency 
to  double  the  up-stream  edge  under  or  over.  The  mat  being  driven  down-stream  by 
the  drift  and  current,  the  lower  edge  necessarily  landed  on  the  front  piling,  where  it 
remained  after  the  up-stream  edge  was  snuk. 

On  acoonnt  of  the  accumulatiou  of  drift  in  front  of  the  main  dike,  work  on  foot- 
mat had  to  be  suspended  before  the  upper  section  was  completed,  leaving  the  main 
dike  unprotected  from  Station  74  to  Station  794-60.  The  river  at  this  time  was  at  a 
20-foot  stage,  rising  at  the  rate  of  one  foot,  per  day,  and  carrying  heavy  masses  of 
drift.  In  its  efforts  to  follow  the  more  direct  channel  through  Elmot  Chute  the  cur- 
rent broke  through  the  main  dike  where  it  was  unprotected  by  footmat  at  Station  75, 
and  this  mass  of  drift  took  out  a  portion  of  Cross  Dike  No.  2,  represented  on  sketch 
by  the  letters  a  b. 

The  water  rushing  through  this  gap  with  a  velocity  of  not  less  than  5  miles  per  hour, 
and  carrying  heavy  masses  of  drift  which  struck  the  edges  of  the  breach,  breaking  pile 
after  pile,  soon  increased  the  length  of  the  breach,  which  was  again  increased  during 
the  second  rise.  The  gap  iu  Cross  Dyke  No.  2  was  not  increatied,  the  dyke  being  10 
feet  lower  than  the  main  dike. 

No  attempt  was  made  to  repair  these  gaps,  as  the  dikes  were  submerged. 

In  makintr  an  examination  of  the  works  at  a  low  stage  of  water,  it  was  found  that 
the  main  dike  had  been  damaged  to  a  greater  or  less  extent  from  Station  77-f-50  to 
Station  65-f-50,  and  from  Station  .')9-f-60  to  Station  47.  That  portion  of  the  main  dike 
above  the  upper  breach  was  found  untnjui'ed,  with  the  exception  of  a  few  riders  and 
braces,  which  were  crashed  by  the  weight  of  drift  restiug  ou  them  after  the  water 
had  fallen. 

Although  the  water  was  7  feet  above  the  tops  of  the  piles  the  drift  did  not  pass  over 
the  dike,  and  at  some  places  it  is  60  feet  wide  and  solid  to  the  bottom. 

Where  the  dike  wa8  not  protected  by  footmat  small  chanuels  formed,  having  suffi- 
cient velocity  to  erode  the  bed. 

Crosi  Dike  No.  1  remained  intact,  and  has  a  deposit  In  its  rear  as  high  as  the  dike 
in  some  places. 

The  foot-mat  in  front  of  that  portion  of  the  main  dike  which  was  carried  away  re- 
mained uuinjured,  and  is  covered  for  its  entire  length  with  large  travel,  although 
there  was  a  scour  of  several  feet  on  both  sides  of  it.  The  new  dike  has  since  been 
driven  through  this  foot-mat. 

The  greater  portion  of  the  damage  done  to  these  dikes  was  due  to  the  sudden  rise 
of  the  river  before  the  work  could  be  completed ;  nevertheless  large  deposits  were 
made  within  the  area  that  would  bo  inclosed  by  the  work  when  fiuisned. 

At  the  main  d  ke  the  deposits  formed  immediately  behind  the  dike,  while  at  the 
cross  dikes  the  material  was  deposited  some  distance  below  the  .dikes,  and  nearly  to 
the  top  of  the  piles. 

At  Cross  Dike  No.  2,  where  the  lower  edge  of  the  foot-mat  rested  upon  the  dike,  tho 
deposit  formed  immediately  under  the  mat  and  does  not  extend  for  any  distance  be- 
low the  dike.  This  deposit  consists  of  large  gravel.  The  success  of  this  accidental 
eonstructiou  snggested  the  building  of  similar  structures  in  hopes  of  obtainiug  like 
results. 

On  April  16,  with  the  river  at  a  28.35-foot  stage,  work  was  resnmed  and  was  con- 
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tiuaed  with  a  force  which  was  increased  and  decreased  as  the  stage  of  the  water  be- 
came favorabJe  or  nnfavorable  for  work. 

The  eastern  eud  of  Elmot  Bar  being  submerged,  adyantage  was  taken  of  the  high- 
stage  of  water  to  extend  the  western  end  of  the  main  dike  and  northern  eud  of  Cross 
Dikes  Nob.  3  and  4  to  their  junction  with  the  main  dike.  The  construction  of  these 
lines  was  pushed  forward  vigorously,  employing  four  pile-drivers  on  each  of  the  men- 
tioned dikes.  The  four  drivers  (Nos.  19,  2U,  21,  and  28)  stationed  at  the  main  dike 
were  new  and  were  a  decided  improvement  on  the  old  ones.  The  height  of  the  leads 
being  increased  to  45  feet,  allowed  the  greater  portion  of  the  piles  to  come  under  the 
hammer  before  lowering  them  into  the  water ;  while  with  the  old  leads,  which  had  » 
height  of  31  feet,  at  a  low  stage  of  the  river  piles  had  to  penetrate  for  several  feet  be- 
ibre  they  could  be  brought  under  the  hammer.  The  new  drivers  were  also  equipped 
with  large  Worthington  compound  duplex  steam  pumps,  having  two  10-inch  and  two 
16-inch  cylinders.  The  old  drivers  were  equipped  with  single-acting  piston  pumps 
having  an  8-inch  cylinder. 

At  this  point  driving  has  been  exceedingly  difficult  on  account  of  layers  of  very 
coarse  gravel  and  blue  clay.  Pieces  of  gravel  weighing  half  a  pound  have  frequently 
been  found. 

At  some  places  piles  had  to  be  pointed  and  driven,  as  the  l^-inch  Jet  of  the  old 
drivers  was  unable  to  displace  the  coarse  gravel.  The  new  drivers  using  a  two-inch 
jet  were  able  to  work  through  these  hard  strata  without  pointing  the  piles,  Imt  not 
without  a  liberal  use  of  the  hammer.  As  soon  as  the  piles  had  passed  through  the 
hard  layen  they  would  sink  to  the  re<|uired  depth  of  16  feet  with  little  difficulty. 

About  the  1st  of  May  the  construction  of  a  grillage  mat  between  the  two  lows  of 

Siles,  and  extending  about  10  feet  in  front  of  the  dike,  was  begun  at  Cross  Dike  No.  4. 
ections  of  mat  60  by  35  feet  were  constructed,  and  consisted  of  a  thick^  coarse  brush 
lying  in  the  direction  of  the  current,  firmly  lashed  to  a  grillage  of  poles  which  was 
suspended  about  1  foot  above  the  surface  of  the  water  b^  wires  fastened  to  the  braces 
of  the  dike.  As  soon  as  a  section  was  completed  the  wires  were  taken  off  and  it  was 
sunk  to  the  bottom  with  stones.    These  sections  overlap  about  7  feet. 

A  foot  mat  100  feet  wide  placed  directly  in  front  of  tne  main  dike  was  commenced 
at  Station  21-f25 ;  but  work  had  to  be  suspended  after  completing  164  linear  feet,  on 
account  of  the  drift  accumulating  in  Jront  of  the  dike,  making  it  almost  impossible 
to  move  the  mattress  boat. 

Work  on  these  lines  was  carried  on  until  about  the  1st  of  June,  when  they  were 
compelled  to  desist  on  account  of  the  high  stage  of  the  water. 

While  the  work  of  extending  these  lines  was  thus  delayed,  eight  pile-drivers  were 
moved  to  Cross  Dike  No.  5  and  its  construction  pushed*  forwara.  Four  pile-drivers 
were  transferred  to  Bullerton. 

From  April  16  to  June  1  there  were  driven  5,200  linear  feet  on  the  main  dike,  1,900 
linear  feet  on  Cross  Dike  No.  3,  and  2,800  linear  feet  on  Cross  Dike  No.  4.  Th«*re  were 
also  placed  2,200  linear  feet  of  grillage  40  feet  wide  on  the  main  dike,  1,600  linear 
feet  35  feet  wide  on  Cross  Dike  No.  4,  and  850  linear  feet  35  feet  wide  on  Cross  Dike 
No.  3.  Wattling  6  feet  high  was  placed  on  the  main  dike  for  800  linear  feet,  on  Cross 
Dike  No.  3  for  800  linear  feet,  and  on  Cross  Dike  No.  4  for  1,020  linear  feet. 

Duriug  the  unexpected  rise  considerable  damage  was  done  to  the  main  dike  above 
Station  36  and  to  the  south  end  of  Cross  Dike  No.  3,  which  was  due  to  the'  unfinished 
condition  of  these  lines. 

After  the  water  had  fallen  it  was  foimd  that  the  portion  of  Cross  Dike  No.  3  lying 
south  of  Station  8+50,  the  eud  of  the  grillage,  was  damaged  to  a  greater  or  less  extent 
by  the  piles  scouring  out  and  by  the  iuability  to  secure  the  diagonal  cables  before  the 
dike  was  submerged,  the  intention  being  to  secure  them  after  the  grillage  was  cou- 
structe*l  and  sunk.  A  breach  of  about  100  tent  was  discovered  above  Station  35  on 
the  main  dike  and  one  from  Station  43-(-50  to  Station  51. 

The  pieces  of  dike  which  had  been  scoured  out  floated  down  to  Cross  Dikes  Nos.  4 
and  5,  and  the  piles  are  there  being  utilized  to  support  the  tip-mat.  All  of  these 
piles  were  scoured  out,  as  none  were  found  broken.  During  the  rise  large  deposits 
formed  immediately  in  the  rear  of  the  main  dike. 

A  bar  whose  crest  became  dry  when  the  river  fell  to  a  26-foot  stage  extended  nearly 
the  whole  leugth  of  the  main  dike  below  the  lower  breach.  The  largest  deposits  were 
madt)  at  the  junction  of  Cross  Dikes  Nos.  3  and  4  and  the  main  dike. 

The  point  of  Ehnot  Bar,  lying  to  the  northward  of  the  main  dike,  within  the  space 
allotted  to  the  channel,  was  washed  away  during  this  rise,  and  deposited  in  the  rear 
of  the  main  dike.  This  point  previously  caused  a  large  percentage  of  wat-er  to  pass 
tbroiitrh  Elmot  Chute,  thereby  increttsing  the  pressure  on  the  dikes  during  high  stages 
of  the  river. 

At  the  outer  edge  of  the  foot-mat  on  the  main  dike  a  scour  has  been  noticed  for  the 
entire  length  of  the  concave  portion. 

It  waH  noticed  that  where  drift  had  accumulated  in  front  of  the  cross  dikes  a  scour 
has  taken  place  equal  in  volume  to  that  of  the  drift,  and  that  after  the  water  had  left 
^he  bar  the  drift  would  exactly  fill  the  space  scoured  out. 
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The  water  havinfc  fallen,  operationa  were  first  resamed  apoQ  the  ^ap  in  the  main 
^ke,  at  Station  36,  and  upon  CrotM  Dike  No.  3,  at  Station  8-|-50.  The  main  dike 
wae  strengthened  wherever  small  channels  were  discovered  passing  through  it,  hy 
driving  clusters  of  two  piles  in  the  front  row,  and  also  a  third  row.  The  piles  in  the 
front  and  second  rows  were  supplied  with  cables  which  were  fastened  around  pile, 
rider,  and  brace  of  the  third  row,  to  conform  to  the  '*  Standard  Dike,"  at  this  time  in- 
troduced bj  Mr.  A.  J.  Frith. 

The  pile-drivers  were  able  to  complete  all  dikes  before  the  water  left  the  bar,  but 
the  mattress  work  was  delayed  by  inability  to  obtain  material  owing  to  the  flooding 
of  the  willow  camps.  Grillage  and  wattling  is  now  being  completed  on  dry  land,  the 
necessary  brush  being  suppli^  from  the  heiui  of  Elmot  Bar. 

To  save  the  transportation  of  rock  across  the  dry  bar,  tarred  sacks  filled  with  gravel 
and  sand  are  being  substituted. 

Thai;  portion  of  the  main  dike  which  was  driven  before  the  1st  of  December,  1882, 
has  been  strengthened  by  driving  two  rows  of  piles  in  front  of  it  and  using  the  old 
dike  as  third  row.  Considerable  difficulty  was  experienced  driving  through  the  old 
foot-mat,  which  was  covered  with  coarse  gravel. 

This  portion  of  the  dike  is  being  protected  by  a  tip-mat  from  38  to  60  feet  wide, 
constructed  in  sections  of  150  feet.  The  mattress  boat  is  placed  parallel  to  the  dike, 
that  portion  of  the  ways  extending  over  the  gunwale  of  the  barge  having  been  taken 
off.  Poles  are  evenly  distributed  over  the  ways  and  their  lower  ends  firmly  secured 
to  the  riders  of  the  dike.  The  brush  in  wattled  upou  the  poles  by  passing  a  rod  of  it 
alternately  above  and  below  them.  The  mat  is  strengthened  by  placing  poles  above 
and  beneath  the  wattling  pole,  firmly  lashing  them  with  No.  12  wire.  A  section  of 
150  feet  having  been  complet«^d,  the  mattress  boat  is  sparred  from  under  the  mat,  and 
the  up-stream  edge  sunk  to  the  bottom. 

In  the  deep  channel  near  the  Tennessee  shore  a  tip-mat  75  feet  wide  is  being  con- 
structed in  front  of  Cross  Dikes  Nos.  7, 4,  and  5.  The  mattress  boat  is  placed  at  right 
angles  to  the  dike,  the  ways  nearest  the  dike  having  been  raised  to  the  level  of  the 
riders  to  maintain  the  mat  at  that  height  after  it  is  launched  from  the  mattress  boat. 
While  launching  the  mat,  piles  are  floated  under  it.  The  up-stream  ends  of  these  are 
wired  to  the  poles  of  the  mat,  and  the  down-stream  ends  raised  to  the  level  of  the 
riders,  where  they  are  drift-bolted  and  wired  to  the  piles  of  the  dike.  The  up-stream 
end  of  the  mat  is  then  sunk  to  the  lK>ttora.  In  swift  curreuts  this  mat  is  constructed 
in  sections  130  feet  long,  about  the  length  of  a  rock  barge,  as  the  mat  has  to  sink  for 
its  entire  length  simultaneously  to  prevent  the  np-stream  edge  from  doubling  over  or 
under. 

Where  the  main  dike  and  cross  dikes  ^trike  the  Tennessee  shore,  the  bank  has  been 
protected  by  a  mattress  350  feet  long,  and  varying  in  width  from  50  to  100  feet.  The 
dikes  were  completed  to  this  mattress,  leaving  a  mattressed  opening  for  navigation 
nearly  100  feet  wide.  The  bank  at  these  places  has  been  graded,  and  bank  pnK 
tection  is  being  placed. 

Grading  was  done  with  pile-driver  No.  19,  which  is  equipped  w^ith  a  Worthington 
oompound  duplex  pump,  naving  two  10-inch  and  two  16-inch  cylinders.  The  dis- 
charge, about  4^  gallons  per  minute,  passes  first  through  a  4-inch  pipe,  then  through 
a  2^-inch  hose,  and  is  delivered  tbirough  a  l^inch  nozzle. 

TeibU  giving  length  of  completed  work  ae  represented  on  sketch. 
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Very  respectfully,  your  obedient  servant, 

Capt.  John  6.  D.  Knight, 

Corps  of  Engineers,  U,  S,  A.y  Cairo^  III 


GEO.  W.  GEUDER. 
United  States  Assistant  Engineer* 
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13. 

SBPORT   OF    0HARLB8    O.  MARK,    ASSISTANT    RNOINBBR,    UPON    OPKRATIOI^S    AT    OS- 

CBOLA  VPPKR  AND  LOWBR  BARS. 

OsCROLA  Bar,  Sovemher  1, 1883, 

Caftain  :  I  havo  the  honor  to  sabmit  the  following  report  on  the  progress  of  the 
work  at  Osceola  Upper  and  Lower  Bars : 

Daring  the  period  from  December  1,  1882,  to  November  1,  1883,  two  old  dikes^ 
Osceola  Upper  and  Middle,  were  finished,  and  three  new  ones,  Secondaries  Nos.  1,  2, 
and  3,  bnilt.  The  mattressing  and  revetting  of  both  Osceola  Upper  and  Lower  Bars 
has  also  been  started.  * 

In  the  following  I  shall  take  up  the  separate  stractnres  and  give  as  far  as  possible 
a  short  history  sf  each. 

OSCEOLA  UPPER  DIKE. 

Though  tbe  greater  portion  of  this  dike  was  built  previons  to  December  1, 1882,  the 
finishing  and  partial  aestrnction  of  same  fall  within  the  scope  of  this  report.  The 
methods  of  oonsrraction  typified  in  it  may  therefore  be  briefly  reviewed. 

The  dike  ranning  in  a  general  southwesterly  direction  from  a  point  below  Lynch's 
Landing,  Ark.,  to  the  northern  end  of  the  Upper  Osceola  Bar,  was  bailt  for  a  distance 
of  3,300  feet,  of  a  single  line  of  piles,  braced  by  inclined  stmts.  At  the  head  of  the 
bar  a  gap  had  been  left,  which  it  was  attempted  to  close  in  April,  1883,  by  means  of 
an  extension,  consisting  of  a  double  line  of  braced  ]^iles,  14  feet  apart ;  16^  linear  feet 
of  this  kind  of  dike  had  been  driven,  when  the  swift  current  msule  it  apparent  that 
the  work  would  be  in  vain.  It  was  therefore  abandoned,  and  Secondary  No.  1,  of 
which  more  later  on,  put  in.  Osceola  Upper  Dike,  protected  its  whole  length  by  a 
foot-mat  100  feet  wide,  and  by  wattling,  stood  the  high  water  last  spring  remarkably 
well,  when  tbe  inherent  weakness  of  the  structure  is  considered.  From  all  data 
which  I  have  been  able  to  obtain  it  seems  that  the  breaks,  which  now  for  a  length  of 
1,600  feet  appear  in  the  dike,  are  not  due  to  any  scouring  action  in  front  of  the  lat- 
ter, but  to  a  simple  breaking  ofi'  by  drift,  and  working  out  of  the  poorly-braced  single 
piles.  The  portions  of  the  dike  execnted  in  shallow  water  have  proved  strong 
enough,  while  those  in  deep  water  have  given  way.  The  foot-mat,  as  I  had  occasion 
to  convince  myself  during  the  ])resent  low  water,  is  still  in  place;  a  fact  which 
strengthens  my  belief  that  no  scouring  has  taken  place  in  front  of  the  dike. 

The  general  effect  of  the  latter  has  been  favorable,  thoueh  it  stood  in  its  entirety 
for  but  a  short  time.  A  good  till  has  taken  place,  higher  behind  those  portions  of  the 
dike  still  srauding  than  at. other  points.  Though  part  of  this  fill  is  also  to  be  traced 
to  the  effect  of  Secondary  No.  1,  a>H  will  be  shown  further  on,  it  may  be  said  that  the 
result  obtained  by  the  building  of  Osceola  Upper  Dike  is  a  fair  one.  The  cause  of 
its  failure  is  most  likely  to  be  traced  to  weakness  in  construction,  a  fault  which  could 
hardly  be  avoided  at  the  time  the  dike  was  designed, for  lack  of  previous  experience. 

OSCEOLA  SECONDARY  NO.  1. 

When  it  was  found  impossible  to  connect  the  lower  end  of  Osceola  Upper  Dike  with 
the  point  of  the  bar,  a  dike  I'uither  down  the  chute  was  projected  and  carried  out. 
As  first  planned  a  double  line  of  br;ice<l  piles  with  a  width  of  base  equal  to  depth  of 
water  was  the  type  adopted.  During  the  ccmstruction  of  the  dike  drift  begau  to  col- 
lect, and  a  scouring  at  the  foot  of  the  unprotected  piles  immediately  set  in.  May  10 
a  break  near  the  bar* end  of  the  dike  occurred.  In  order  to  enable  the  closing  ol  this 
opening  the  direction  of  the  dike  had  to  be  changed  at  that  point,  the  water  proving 
too  deep  f(»r  successful  pile-driving.  Luckily  the  material  scoured  out  was  found  de- 
posited a  little  way  below  the  break,  having  Ibrmed  a  bar  there,  and  the  dike  cunld  be 
finished  in  shallow  water,  with  but  little  additional  lengthening,  due  to  change  of  di- 
rection. It  was  also  deemed  advisable  to  alter  the  original  project  by  adding  a  third 
row  of  piles,  connected  by  horiz  intal  braces  with  the  first  and  second  rows.  Thus 
strengthened,  the  dike  was  eompleted  Juiih  10  in  a  length  of  1,355  feet.  The  colleot* 
Ing  of  drift  in  front  of  it  pivvenieil  the  sinking  of  afoot-mat,  and  assume  of  the  drift 
also  projected  back  of  the  first  row  of  piling,  only  tbe  space  between  the  second  and 
third  row  couM  be  matted.  A  grilia^-e  loot-mat  was  putdown  and  carried  up  to  the 
top  of  the  bank  at  both  endrt  to  pruv«iitauy  scouring  between  the  shore  and  the  dike. 
Later  events  proved  the  wisdom  of  this  ste|),  for  during  the  high  water  there  was  quiio 
a  tendency  to  cut  a  channel  behind  the  ends  of  the  dike.  As  it  bad  been  impossible, 
for  reasons  stated  above,  to  mattreas  the  dike  as  intended,  a  constant  watch  was  kent 
on  it  during  tbe  high  water  of  June-July.  By  frequent  soundings  all  changes  is 
depth  Were  carefully  noted.  If  i  here  seemed  any  danger  of  a  scour  taking  place  the 
threatened  portion  was  protected  by  fascines.    Of  the  latter  two  kinds  were  used.    lu 
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•oe  case  a  piece  of  wire-nnited  willow  matting  aboat  8  feet  square  was  made.  The 
rocks  were  wrapped  np  in  it,  and  the  center  aud  ends  of  this  bundle  firmly  wired.  In 
the  other  case  bailed  rock  was  tied  to  willow  bundles  6  to  8  feet  long,  and  1  to  1^  feei 
in  diameter.  It  was  found  by  inspection,  after  the  high  water  went  down,  tba  the 
first  kind  of  fascines  mentioned  had  done  the  better  Hervice  of  the  two.  They  gener- 
ally snnk  directly  in  place,  while  the  bailed  rock  of  the  second  kind,  catching  uu  tlie 
wire  diko  cables,  preveuled  the  fascine  from  ^oing  to  the  bottom. 

Osceola  Secondary  No.  1,  which  stood  the  high  water  well,  is  especially  remarkable 
for  the  large  amount  of  drift  gathered  in  front  of  it.  For  a  time  the  whole  head  of 
the  chute,  from  the  dike  up,  was  filled  completely.  Winds  blew  some  of  the  drift 
out  before  it  had  become  firmly  packed;  but  even  to  date  about  twenty  acres  of  it 
remain,  closely  wedged.  Of  course  this  mass  has  not  been  without  its  marked  effect. 
When  the  drift  first  began  collecting  an  increased  tendency  to  scour  in  front  of  the 
dike  was  noticed.  The  depth  of  this  scour,  as  might  be  supposed,  was  equal  to  the 
thickness  of  drift  at  the  point  under  consideration.  Where  it  has  been  possible  the 
ao-cansed  opening  has  been  closed  by  sinking  the  drift,  a  barge  of  rock  being  expended 
to  good  effect  for  this  purpose  in  front  of  Secondary  No.  1.  Should  sinking  the  drift 
in  similar  cases  prove  impossible,  the  scouring  out  of  a  dike  is  to  be  feared,  unless  it 
has  be«in  well  protected  by  foot- mats. 

To  the  evil  effect  of  the  drift.,  cited  above,  a  good  one  can  be  opposed.  When  the 
construction  of  tbe  dike  was  first  begun  quite  a  strong  current  set  through  the  chute. 
The  collecting  drift  cliecked  it  so  completely  that  when  the  present  amount  had  come 
in  the  current  was  almost  dead.  A  marked  fill  both  in  front  and  behind  the  dike  has* 
taken  place,  so  that  if  the  holding  of  the  latter  should  prove  successful  the  direction 
for  foture  work  would  seem  to  be  indicated. 

OSCEOLA  8ECONDAKT  NO.   2. 

The  construction  of  these  dikes  was  pushed  at  the  same  time  that  No.  1  was  build- 
ing.  The  first  sectiou  exteuds  from  the  Arkansas  shore  to  the  northern  point  of  the 
towhead ;  the  second  sectiou,  from  the  lower  end  of  this  same  towhead  to  tlie  foot  of 
Osceola  Upper  Bar.  The  type  adapted  is  the  double-line,  rectaugiilar,  14-faot  base 
dike,  except  for  the  southeastern  end  of  Section  1  and  the  northeastern  end  of  Sec- 
tion 2.  These  portions  of  the  dike  running  up  on  high  ground,  it  was  deemed  suffi- 
cient to  build  them  of  bat  a  single  line  of  piles.  lu  the  second  section  an  opening 
200  feet  in  length  had  to  be  left  to  enable  tbe  boats  to  reach  the  parties  at  work  at 
No.  1.  When  the  water  began  falling  it  fell  so  rapidly  tb&t  tbe  pile-drivers  had  tf  be 
moved  onr.  before  tbe  gap  could  be  closed.  With  the  exception  of  tliis  piece,  then, 
the  2,025  linear  feet  of  dike  are  protected  by  a  grillage  foot-mat  and  by  wattling. 

BeitQu  April  10  and  finished  May  20,  these  dikes  have  passed  safely  through  one 
high  water;  but  built  under  the  shelter  of  No.  1,  little  strain  has  come  on  them  from 
drift  or  other  causes.    A  slight  fill  has  taken  place  behind  both  of  the  dikes. 

OSCKOLA  MIDDLE  DIKE. 

Oeoeola  Middle  Dike,  connecting  tbe  foot  of  Osceola  Upper  with  the  head  of  Osceola 
liower  Bar  was  begun  November  1,  1SS2,  During  December  1,065  linear  feet  were 
added  to  the  part  previously  completed,  giving  the  whole  structure  a  length  of  3,309 
lipet.    The  form  of  the  dike  adopted  was  the  one  as  shown  here.    Top  of  outside  pile 


Low-water  line. 


driven  to  a  stage  of  25  feet.  Top  of  inside  pile  driven  to  a  stage  of  14  feet.  Front 
fore-and-aft  rider  fastened  5  feet  below  top  of  outside  pile,  rear  rider  at  top  of  inside 
pile.  Inclined  brace  a  b,  horizontal  ao;  width  of  base,  14  feet.  A  lOU-foot  msttresa 
was  built  the  whole  length  of  the  dike  and  the  latter  also  wattled.  As  the  water  rose 
covering  the  lownr  fi<»ur.  fore-and-aft  rider  it  became  impossible  to  push  the  wattling 
to  the  bottom.    It  woald  haye  been  better  had  it  therefore  been  left  out  entirely,  for 
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the  water  coming  thioash  the  chute  was  pressed  through  the  narrowed  opening  be- 
tween the  bottom  and  the  lower  riderSi  contributing  its  share  to  the  strong  scour 
already  taking  place  in  front  of  the  dike.  The  100-foot  mat  did  not  prove  sufficient 
protection  in  this  case,  for  in  Febrnary  the  first  break  near  the  center  of  the  dike, 
«nd  undoubtedly  caused  by  scouring,  occurred.  Toward  the  latter  part  of  March 
pieces  of  the  end  sections  followed,  carried  away  by  drif^-.  Au  attempt  made  in  May 
to  patch  the  dike  and  to  strongthen  it  by  two  lictle  spur  dikes  proved  unsuccessful. 
The  cause  of  the  failure  of  this  structure,  of  which  to  date  only  1,059  linear  feet  in  a 
damaged  condition  are  standing,  may  probably  be  looked  for  in  its  incomplete  pro- 
tection against  sconr. 

OSCEOLA  SECONDARY  NO.  3. 

Osceola  Secondary  No.  3,  established  near  the  head  of  Osceola  Chute,  and  running 
east  and  west,  was  begun  May  10.  Work  ou  it  was  pushed  as  fast  as  possible,  but 
«re  it  had  been  finished,  high  water,  with  drift  and  its  attendant  scour,  caused  a  break 
near  the  bar  or  eastern  end  of  the  dike.  As  at  Secondary  No.  1,  it  was  also  found 
necessary  here  to  change  the  direction  of  the  wr shed-out  section,  in  order  to  avoid 
the  deep  water  resulting  from  the  scour.  A  third  row  of  piling  was  also  put  in,  as  an 
additional  means  of  strengthening  the  dike,  thus  giving  it  au  average  width  of  about 
60  feet;  As  the  water  continued  rising  and  the  drift  kept  coming  in,  a  renewal  of  the 
scour  was  observed.  With  the  intention  of  checking  it  a  75-foot  mat  in  front  of  the 
dike  was  started.  When  209  feet  of  the  same  had  been  built,  progress  was  stopped 
for  a  time  by  the  drift,  which  so  held  the  mat  barge,  that  it  was  found  imposHible  to 
make  a  shift.  In  the  hope  that  a  way  for  the  barge  might  be  cleared  by  sinking  the 
drift,  sections  of  snb-mat  were  built  on  the  latter  ana  sunk.  Two  thousand  seven 
hundred  feet  of  this  kind  of  mat  went  down  successfully,  and  we  were  enabled  to  add 
another  30  feet  to  the  length  of  the  foot-mat,  but  this  was  all.  For  when.  June  6,  the 
attempt  was  made  to  sink  a  second  section  of  drift  of  about  4,232  square  feet  of  snrlace, 
the  dike,  already  weakened  by  scouring,  could  not  stand  the  pressure  of  the  sinking 
mass  and  gave  waj^.  Throngh  the  break  so  formed,  140  feetdn  length,  a  large  amount 
of  accumulated  dnft  pas^d  off,  considerably  relieving  the  pressure  on  the  remaining 
portion  of  the  dike.  Steps  were  immediately  taken  to  preveot  any  further  scouriug 
m  the  break.  A  piece  of  mat  was  built  above  the  same,  floated  down,  and  abont  two- 
thirds  of  it,  or  6,800  sqnare  feet,  sunk  in  place.  As  the  current  was  very  swift  and  the 
average  depth  of  water  in  the  opening  48  feet,  one-third  of  the  mat  was  carried  away 
before  we  could  get  it  down* 

If^the  mean  time  the  239  feet  of  foot-mat  had  been  sunk  and  a  large  amount  of 
grillage  foot-mat  put  in.  On  account  of  the  high  water,  no  attempt  was  made  for 
some  time  to  dose  the  gap.  Repeated  soundings  showed  that  no  additional  scour- 
ing was  taking  place.  July  17  a  tipped  mat,  50  feet  wide,  was  started  in  front  of 
the  dike,  where  the  other  footmat  previously  sunk  left  off.  Only  120  linear  feet  of 
this  new  mat  had  been  completed  when  a  second  rise,  July  21,  brought  down  a  batch 
of  drift-,  which  lodged  nnder  the  mat,  packed  itself  to  the  bottom,  and  thus  prevented 
the  sinking  of  this  piece.  It  lies  on  top  of  the  drift  to  date,  as  shown  in  tne  sketch. 
As  soon  as  the  water  began  to  fall,  the  loose  ends  of  the  dike  were  cut  awav.  A  200- 
foot  opening  was  so  formed  in  which  the  pile-drivers  were  set  to  work.  They  barely 
auccee<led  in  closing  it  with  a  single  line  of  cluster  piles,  when  it  became  necessary 
to  withdraw  the  fleet,  the  water  shoaling  so  rapidly.  To  strengthen  this  compara- 
tively weak  portion  of  the  dike,  and  at  the  same  time  to  withdraw  it  from  the  future 
attacks  of  drift,  the  piles  forming  the  single  closing  line  were  braced  by  inclined 
stmts  and  cut  off  level  with  the  15-foot  stage. 

All  the  remaining  portions  of  the  dike  bad  in  the  meanwhile  been  protected  by  a 
heavy  grillage  foot-mat.  A  section  of  same  200  by  63  feet  was  also  placed  behind  the 
opening  Just  closed,  but  remains  unsunk  to  date  for  lack  of  soue.  August  7  a  tipped 
mat,  75  feet  wide,  beginning  at  the  eastern  end  of  the  mat  lodged  on  drift*,  was 
started  ou  the  up-stream  side  of  the  dike.  This  new  mat  skirting  the  outside  edge  of 
the  drift,  and  with  its  (the  mat's)  down-stream  edge  held  ou  a  level  with  the  same, 
was  carried  a  distance  of  452  linear  feet.  Shoal  water  here  put  a  stop  to  the  work, 
and  the  amount  finished  was  sunk  successfully.  From  the  foregoing  it  will  be  seen 
that  Osceola  Secondary  No.  3  is  well  protected  now.  A  grillage  root-mat  extends  Its 
whole  length,  and  is  carried  high  up  on  both  banks.  With  the  exception  of  the  small 
piece  mentioned,  all  of  it  is  in  place,  and  has  done  good  service  dunng  the  last  high 
water.  The  effect  of  the  tipped  mat  can  only  be  determined  after  the  next  rise.  The 
center  row  of  piling  is  now  being  wattled,  5,922  square  feet  having  been  put  in  to 
date.  From  the  plotted  list  of  soundings  sent  in  by  me,  the  fill  which  has  gradually 
taken  place  in  Osceola  Chute  can  be  traced.  The  evil  effects  of  the  break  have  been 
obliterated,  the  scoured  hole  causiug  the  former  having  filled  up  well.  I  think  I 
am  Justified  in  classifying  Secondary  No.  3  with  Secondary  No.  I,  under  the  head  of 
snocessfnl  dlkee. 
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OSCSOLA  UPPER  BAR. 

The  bead  of  this  bar  was  well  protected  by  a  foot-mat  50  feet  in  width,  and  by  a 
30-foot  revetment,  closely  connected  with  the  former.  About  800  linear  feet  of  this 
hand-graded  work  were  executed,  all  of  which  is  in  good  condition  to  date.  That 
the  same  cannot  be  said  for  some  of  the  other  work  on  the  bar  is  easily  explained.  A 
100-foot  mattress  was  put  in  the  whole  length  of  Osceola  Upper  Bar  and  sunk.  This 
was  at  low  water.  Though  the  grading  and  revetting  were  started  immediately  in 
wake  of  the  mattress,  it  was  impossible  to  finish  them  before  high  water  set  in.  Of 
4,000  linear  feet  of  grading  put  in,  2,100  were  rendered  entirely  worthless,  because  the 
water  covered  the  banks  before  they  could  be  revetted.  l*be  1,400  feet  that  were 
covered  with  brush  and  partially  rocked  also  suffered  heavily,  for  the  reason  that  no 
connection  between  the  high  and  low-water  protection  could  be  secured.  The  banks 
washing  away  between  the  two  has  left  a  gap,  as  shown  in  sketch,  which  it  will  be 
necessary  to  hil  with  a  second  mat. 

OSCEOLA  LOWER  BAR. 

During  the  high  water  in  June  and  July,  while  it  was  found  impossible  to  work  at 
Secondary  Ko.  3,  a  100- foot  mattress  was  started  oo  the  inside  of  the  lower  bar. 
Heavy  drift  running  necessitated  the  building  of  a  drift-boom,  in  shape  of  a  spur 
dike  from  the  head  of  the  bar  down  the  chute  tor  a  distance  of  about  100  feet.  *  Dnder 
its  protection  1,020  linear  feet  of  mattress  were  built  and  sunk  in  place.  A  small  section, 
100  by  120  feet,  near  the  head  of  the  bar,  was  put  in  when  the  water  fell,  and  remains 
unweighted  to  date  for  lack  of  stone.  The  bank  protection  on  the  inside  begun  June 
1  and  abandoned  June  ti,  on  account  of  high  water,  was  continued  August  13.  By 
the  3l8t  of  the  same  month  a  total  of  72,422  square  feet  had  been  made,  of  which  49,931 
square  feet  remain  nnrocked  to  date.  Of  the  4,040  linear  feet  of  grading  put  in  last 
January  on  the  outside  of  this,  the  lower  bar,  no  traces  remain,  as  the  graded  bank 
was  entirely  unprotected  when  high  water  came  up.  This  was  to  be  expected.  Eight 
hundred  feet  of  a  100-foot  mattress,  which  was  aleo  started  at  that  time,  were 
caught  afloat  by  the  same  rise.  Drift  collected  under  the  mat,  and  would  have  ren- 
dered all  attempts  to  siuk  it  futile,  even  if  rock  had  been  on  hand  for  that  purpose. 
As  was  constantly  expected,  the  increased  strain  on  the  head-lines,  due  to  the  accumu- 
lating driffe^  caused  them  to  part.  Even  one  of  the  capstans  of  the  mat  barge  was 
torn  ont  of  its  fastenings,  when  the  lines  snapped,  and  mat  and  drift  swunff  down  the 
river.  Of  the  new  one,  150  feet  in  width,  which  was  started  September  1,  3,583  linear 
feet  have  been  completed  to  date,  but  only  920  feet  of  this  amount  have  been  sunk  ; 
work  on  the  same  has  been  stopped  for  the  present,  it  not  being  deemed  advisable  in 
view  of  former  experiences  to  carry  the  mattressing  too  far  ahead  of  the  grading  and 
revetting.  Another  precaution  has  also  been  taken.  Though  the  contour  of  the  bar 
has  been  closely  followed  by  the  mat  in  most  places,  it  has  been  impossible  to  adapt 
the  latter  to  any  sudden  changes  in  the  outline  of  the  bank.  The  small  openings  thus 
formed  between  mat  and  shore  have  been  covered  with  separate  pieces'  of  grillage 
mat,  firmly  wired  to  the  mattress  proper.  Four  thousand  four  hundred  and  sixty 
square  feet  of  this  kind  of  mattinjB^  have  been  called  for  to  date,  and  more  will  be  put 
in  as  the  necessity  for  so  doing  arises.  By  this  means  a  thorough  connection  between 
the  high  and  low- water  protection  can  be  obtained,  t. «.,  if  the  fonner  be  put  in  at  the 
present  stage  of  water. 

ADAPTATION  OF  PLANT  FOR   PURPOSES  INTENDED. 

In  accordance  with  your  request,  I  submit,  in  addition,  the  following  opinion,  as  to 
the  adaptation  for  purposes  Intended  of  those  articles  of  plant  which  I  have  had  oc- 
casion to  use. 

The  100  foot  mat  barges,  with  ways  30  feet  long,  and  a  slope  of  the  latter  of  about 
one-ninth,  do  not  fill  all  the  requirements  that  must  be  met.  Great  difiicnlty  in 
launching  the  consecutive  shifts  of  a  mattress  was  constantly  experienced.  This  is 
partly  dme  to  the  slight  slope  of  the  ways  and  partly  to  the  fact  that  so  little  space 
remains  between  the  lower  end  of  the  ways  and  the  deck  of  the  mat  barge  that  the 
lower  (front)  end  of  the  mattress  rests  on  the  deck  of  the  barge.  In  addition  the 
outside  butt«  of  the  willows  do  not  pay  freely  over  the  end  kevels,  and  the  want  of  a 
capstan  was  severely  felt.  The  175  and  213  foot  mat  barges,  built  with  projecting 
and  more  sloping  ways,  answer  their  purpose  admirably.  The  latter  barge,  on  which 
the  mattress  on  the  outside  of  Osceola  Bar  is  nuw  building,  can,  however,  only  be 
nsed  to  advantage  in  slackwater.  In  a  strong  current  the  handling  of  it  becomes 
almost  an  impossibility,  as  I  found  when  this  barge  was  swung  across  the  break  in 
Osceola  Secondary  No.  3. 

The  service  barges  belonging  to  the  reach  answer  all  requirements. 

The  new  general  service  barges,  120  by  30,  used  especially  for  the  transportation 
of  rock,  are  somewhat  unwieldy.  Even  if  supplied  with  capstans,  which  they  are 
not,  it  will  always  be  a  matter  of  some  difficulty  to  handle  them  with  a  load  of  300 
cubic  yards  of  stone. 

ir.  Ex.  37 24 
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A  Bketchi  with  a  table  thereon ,  ffiyinff  fall  dimexuions  of  all  work  done  in  the  period 
from  December  1, 1882,  to  November  1, 1883,  accompanied  this  report  (Plate  IV ). 
I  am,  very  respectfully,  your  obedient  eervant, 

CHAS.  D.  MARX, 
United  Stutee  Astiatant  Engineer. 
Capt.  John  G.  D.  Knight, 
Corpe  of  Engineered  U,  5.  A. 
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REPORT  OF  AUG.  J.  NOLTT,   ▲88I8TANT  ENGINEER,  UPON  OPERATIONS  AT  BULLERTON 

TOW-HEAD. 

BuLLERTON  Tow-HEAD,  November  15, 1883. 

Sir  :  I  have  the  honor  to  submit  herewith  my  report  of  operations  at  Bullerton 
Tow*head,  covering  the  period  from  December  1,  1882,  to  November  1,  1883. 

In  compliance  with  verbal  orders  received  from  First  Lient.  Thomas  W.  Symons, 
Corps  of  Engineers,  I  assumed  charge  of  this  work  on  April  14,  1883,  relieving  Mr. 
Charles  A.  Ankele,  who  had  tendered  nis  resignation.  Upon  my  arrival  here  all  active 
operations  had,  by  reason  of  high  water,  ceased,  and  the  small  force  lefo  was  em- 
ployed in  the  care  and  preservation  of  pnblic  property. 

The  river  having  fallen  snfflcieatly  by  May  12,  the  force  of  laborers  was  increased, 
and  the  construction  of  foot-mats  along  both  sections  of  Osceola-BuUerton  Dike  was 
begun.  During  the  latter  part  of  May  work  along  the  north  bank  of  Bullert.on  Tow- 
head  was  resumed  by  commencing  the  constrnction  of  two  foot>mats  and  a  high-water 
bank  protection.  A  small  force  were  also  employed  clearing  the  bank  for  a  distance 
of  50  feet  back  of  drift  and  standing  timber.  These  operations  were  continned  until 
the  middle  of  June,  when  the  river  again  rose  above  the  bank  and  put  a  stop  to  all 
further  work. 

On  June  23  the  greater  part  of  the  force  were  moved  up  to  the  stone  depot  at  Gold 
Dust,  Tenn.,  where  they  were  employed  in  loading  stone  on  barges,  a  party  of  seven 
men,  in  charge  of  one  foreman,  being  left  at  Bullerton  to  take  charge  of  the  plant  re- 
maining there. 

By  July  5  the  water  had  fallen  sufficiently  to  admit  of  resumption  of  work  at  this 
place.  The  party  were  therefore  moved  back,  and  the  construction  of  inclined  foot- 
mats  between  piling  of  Osceola-Bnllerton  Dike  and  Bullerton  Dike  No.  1  was  be- 
gun, the  river  being  still  too  high  for  work  along  the  bank.  The  latter  work  was 
resumed  abont  the  middle  of  the  month,  and  has  been  continued  to  date  with  only 
occasional  and  short  interruptions,  caused  by  unfavorable  weather  and  delay  in  get- 
ting brush  and  stone. 

Owing  to  the  long  season  of  high  water  the  first  half  of  the  current  year  has  been 
very  unfavorable  for  the  proper  prosecution  of  the  work,  and  by  far  the  largest  part 
has  been  accomplished  since  July. 

Some  of  the  work  completed  during  the  flood  season  was  found  on  the  subsidence  of 
the  water  to  be  badly  damaged,  so  much  so  that  it  was  considered  advisable  to  re- 
construct parts  of  it.  Notably  was  this  the  case  with  two  sections  of  foot-mat,  which, 
before  stone  for  sinking  it  could  be  had,  were  carried  by  the  rising  water  over  the 
bank  of  the  tow-head. 

This  part  of  the  bank  had  not  yet  been  graded,  and  as  the  river  fell  the  bank  began 
to  cave  underneath  the  mat.  As  this  caving  was  very  irregular,  the  water,  as  it  roll, 
left  the  mat,  at  such  places  where  no  cavins  had  taken  place,  high  upon  the  bank ; 
while  at  other  places,  where  the  bank  had  caved,  the  mat  was  out  of  sight.  The 
above-water  portions  of  the  mattress  were  therefore  out  away  and  new  foot-mats 
constructed.  Some  high-water  bank  protection  was  also  damaged  and  some  lost 
altogether.    This  damage  and  loss  was  caused  by  want  of  stone  to  properly  load  it. 

Some  of  this  revetment  as  well  as  a  part  of  the  foot-mat  was  loaded  with  sand-saoks, 
but  this  was  found  to  be  a  very  unsatisfactory  expedient,  principally  by  reason  of  the 
poor  quality  of  the  sacks  and  their  loose  texture.  The  sacks  would  soon  rot  and  the 
sand  wash  out. 

Eighteen  hundred  feet  oi  mattress,  100  feet  wide,  and  1,250  feet  of  bank  revetment, 
i^m  25  to  60  feet  wide,  was  damaged  as  just  described  and  had  to  be  renewed. 

Considerable  difficulty  has  been  encountered  during  the  prosecution  of  the  work 
from  the  very  strong  current  running  here.  Between  Banges  50^  and  52,  float-obser- 
vations taken  in  Angnst  gave  a  velocity  of  current  of  5.35  miles  per  hour,  depth  of 
water  ranging  from  25  to  50  feet.  The  upper  half  of  the  tow-head  is  much  more  ex- 
posed to  the  erosive  actiou  of  the  current,  as  here  it  is  deflected  against  the  bank, 
striking  it  at  an  oblique  angle.  This  deflection,  as  well  as  increased  velocity,  is  caused 
mainly  l)y  the  sand-bar  opposite,  which  approaches  quite  close  to  the  tow-head,  thus 
narrowing  the  water-way. 
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Below  Rjinge  52  the  bar  recedes  again ,  makini;  a  wider  water-way,  decreasing  the 
velocity  of  the  carreut  somewhat,  and  making  its  course  more  parallel  with  the  hank. 

The  erosion  of  the  bank  has  entirely  ceased  since  the  foot-mats  were  sunk.  At 
fleveral  places,  however,  it  was  foand  that  portions  of  the  bank  would  settle  down 
and  gradually  slide  into  the  water.  Examination  revealed  the  fact  that  this  was 
cAQsSd  by  seepage  from  a  marsh  in  the  interior  of  the  tow-head.  It  was  decided  to 
drain  this  toward  the  south  bank,  and  2,425  linear  feet  (equal  to  1,479  cubic  yards 
excavation)  of  ditching  was  done.  The  depth  of  water  in  the  marsh  varied  from  I 
to  5  feet,  and  its  level  was  11  feet  above  the  surface  of  the  river.  Since  this  marsh 
has  been  drained  no  further  trouble  has  been  experienced. 

The  only  work  done  on  the  soutti  bank  or  Arkansas  side  of  the  tow-head  has  been 
to  temporarily  check  the  erosion  of  the  bank  near  Range  52. 

Here  the  bank  for  a  distance  of  nearly  1,000  feet  began  to  cave  early  in  the  summer^ 
and  to  check  this  the  trees  standing  near  the  edge  of  the  bank  wero  felled  so  that  they 
would  fall  into  the  water  at  rieht  angles  to  the  bank,  their  butts  resting  upon  it. 
These  trees  were  then  loaded  with  bail^  stone.  This  work  seems  to  have  stopped 
the  caving.  It  was  not  considered  necessary  to  do  any  work  of  a  permanent  char- 
acter here,  as  when  the  dikes  are  completed  the  chute  will  fill  up. 

All  the  mattresses  made  along  the' banks  of  this  tow-head,  with  the  exception  of  350 
feet,  are  of  the  wire-net  pattern.  This  mattress  constructed  on  specially  designed  ma- 
chine barges  has  for  its  foundation  a  wire  netting  made  of  j^afvanized  iron  wire  of 
No.  8  and  No.  12  gauge,  the  heavier  wires  running  longitudinally  or  up  and  down 
stream,  the  smaller  transversely.  The  distance  between  the  longitudinal  wires,  which 
is  the  limit  of  the  length  of  the  mesh,  is  4  feet,  while  the  distance  between  the  others 
can  l>e  varied.  A  mesh  4  feet  long  by  2.5  feet  wide  has  been  adopted  here.  The 
brush  is  carried  by  suitable  machinery  operated  by  steam-power  from  the  brush  barge 
over  the  mattross  barge,  and  deposited  upon  the  netting,  where  it  is  received  by  men 
standing  upon  the  mattress  and  supplied  with  long  hooks,  who  pack  it  close  together, 
at  the  same  time  seeing  that  it  breaks  joints  properly  to  give  it  the  requisite  trans- 
verse stiffness.  After  brush  sufficient  for  a  shirt  has  been  thus  disposed  upon  the 
netting,  brush  binders  are  passed  over.  These  are  inserted  with  their  butts  into  and 
at  least  8  feet  through  the  netting,  and  then  bent  over  the  brush  Just  laid  and  wirod 
to  the  netting.  These  binders  are  of  course  placed  at  right  angles  to  the  brush,  and 
that  part  of  their  length  beyond  whero  they  are  wired  will  be  under  the  succeeding 
ahift.  This  makes  an  excellent  mattress,  being  very  flexible  in  a  longitudinal  d^ 
rection,  having  the  necessary  transverse  stiffness,  and  is  rapidly  constructed.  One 
hundred  and  eighty  linear  feet  have  been  made  in  a  day  of  ten  hours  when  the  cur- 
rent was  moderate,  and  the  party  not  subject  to  delays  in  getting  brush.  Three 
hundred  and  fifty  feet  of  the  mattress  made  hero  was  of  the  regular  pole  pattern, 
where  the  brush  is  alternately  woven  over  and  under  the  poles. 

When  the  mattress  between  Ranges  51  and  52  was  begun,  it  was  evident  that  a 
mattress  of  groat  longitudinal  strength  to  withstand  the  great  strain  which  would 
be  thrown  upon  it  during  the  operation  of  sinking  would  have  to  be  constructed 
here;  hence  the  single  No.  8  wires  were  replaced  by  wire  cables  made  of  six  of  the 
former  wires  well  twisted  together.  These  cables  were  placed  7  feet  apart.  In  other 
respects  this  mattress  is  similar  to  the  one  Just  describea. 

The  high-water  bank  protection  whose  lower  edge  laps  over  the  inner  edge  of  the 
foot- mat,  and  which  extends  to  the  crest  of  the  bank,  consists  of  a  loose  brush  mat- 
tress continuous  for  its  entire  length. 

This  mattress  is  covered  with  stones,  they  being  placed  close  together  bat  only  one 
layer  thick. 

At  such  places  whero,  owing  to  slight  settling  of  the  foot-mat,  the  high  and  low 
water  bank  protections  do  not  make  a  good  lap,  small  sections  of  mat,  100  feet  long 
and  wide  enongh  to  cover  the  sap,  were  constructed  upon  an  ordinary  barge  placed 
close  to  and  parallel  with  the  oank.  One  end  of  these  mats  rests  upon  the  revet- 
ment, and  when  finished  the  barge  is  pushed  from  under  the  mat,  allowing  it  to  fall 
down,  after  which  it  is  sunk. 

Considering  the  amount  of  work  done,  the  depth  of  water,  and  the  velocity  of  cur- 
rent, very  little  loss  or  damage  to  the  work  has  been  sustained,  and  it  mostly  occur- 
red during  the  operation  of  sinking  the  mattress,  which  has  always  been  the  most 
difficult  part  of  the  work.  A  section  of  mattress^  300  feet  long  by  100  feet  wide,  in 
course  or  construction,  broke  away  during  the  night  of  August  22,  carrying  with  it 
the  mattress  and  three  other  barges.  This  loss  was  caused  by  the  caving  of  the 
bank.  The  mass  of  earth  and  stumps  falling  upon  the  mooring  lines  parted  them, 
thniT  setting  the  mat  free.  As  soon  as  the  accident  was  reported  by  the  watchman^ 
men  were  sent  out  with  anchors  and  lines,  who,  after  cutting  the  mat  away,  suc- 
ceeded in  anchoring  the  barges  off  Fort  Pillow,  from  whence  they  were  towed  up  the 
next  day.  The  piece  of  mat  cut  away  lodged  on  a  drift  pile  at  Island  34,  and  as 
it  was  feared  that  it  might  cause  an  obstruction  to  navigation,  a  small  party  was 
aent  down  to  recover  what  rope  there  might  still'  be  upon  it,  and  to  cut  it  up  into 
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small  sections,  which  were  allowed  to  float  away.  About  500  linear  feet  of  mat  wa» 
60  badly  torn  np  in  sinking  that  new  mattress  bad  to  be  constructed.  This  is  exclu- 
sive of  the  damage  resulting  from  high  water,  and  of  which  mention  has  already 
been  made. 

As  the  work  at  this  place  will  ultimately  be  subjected  to  a  very  seyere  test,  the 
utmost  care  has*  been  taken  to  do  it  properly,  ond  to  impart  to  it  that  permanency 
which  such  work  requires  in  order  to  answer  the  purpose  of  its  construction. 

Whenever  a  new  section  of  mattress  was  begun  it  was  made  to  overlap  the  preced- 
ing section  by  at  least  2r)  feet,  thus  practically  making  a  continuous  mattress.  The 
mattress  was  made  to  follow  the  indentation  of  the  oank  as  close  as  possible,  and 
where  this,  owing  to  the  depth  and  shortness  of  the  pockets,  was  not  practicable,, 
narrow  supplementary  mattresses  were  constructed  aft-er  the  principal  one  had  been 
sunk,  these  small  ones  well  overlapping  the  inner  edge  of  the  larger  ones. 

The  sketch  accompanying  this  report  shows  the  condition  of  the  work  up  to  date. 
By  referring  to  it,  it  will  be  seen  that  the  length  of  bank  operated  upon  is  9,625  feet. 
Of  this  7,5(X)  linear  feet  have  been  graded  by  the  hydraulic  grader  and  1,525  feet  with 
shovels,  leaving  600  feet  still  to  be  graded.  Five  nundred  feet  of  foot^mat  and  2,700 
feet  of  revetment  yet  remain  to  be  constructed,  while  of  the  revetment  made  a  large 
amount  remains  to  be  loaded  with  stonel  That  part  of  foot-mattress  at  the  head  of 
tow-head  bounded  on  each  side  by  Range  50  was  constructed  prior  to  December  1,. 
1882.    All  the  other  work  has  been  done  since  that  date. 

Wherever  the  footrmattresses  have  been  sunk  the  erosion  of  the  banks  has  entirelv 
ceased,  even  at  those  places  where  the  current  strikes  the  bank  directly,  and  which 
prior  to  the  construction  of  mattresses  were  caving  rapidly.  Some  of  the  finished 
work  has  been  exposed  to  the  various  stages  of  the  nverfrom  a  complete  submersion 
to  very  low  water  and  has  stood  the  test  without  sustaining  the  slightest  damage. 

The  dikes,  too,  though  not  yet  finished,  have  done  admirable  work  in  deepening  and 
widening  the  channel  along  the  tow-head.  Soundings  taken  in  October,  when  the 
river  was  very  low,  show  nowhere  leas  than  12  feet  of  water,  while  at  most  places  the 
depth  is  mucn  greater.  The  least  depth  is  at  the  npper  entrance  to  the  channeL 
None  of  our  steamers  have  had  the  sligntest  difficulty  in  delivering  supplies  here,  and 
they  have  at  all  times  been  able  to  tow  the  most  heavily-loaded  barges  through. 

At  the  opening  of  the  work  last  year,  nearly  all  the  towing  had  to  l>e  done  throngb 
the  chute  un  the  Arkansas  side,  and  around  the  foot  of  the  tow-he^id  up  as  high  aa 
they  could  go. 

Attention  is  respectfully  called  to  the  urgent  necessity  of  completing  thia  work  be- 
fore the  high-water  season  sets  in.  Should  the  river  rise  4  or  5  feet  above  the 
present  stage,  great  damage  would  be  done  to  the  unloaded  revetment,  and  a  higher 
rise  would  seriously  damage  that  part  of  the  bank  at  the  middle  of  the  tow-head  not 
yet  protected,  and  endanger  the  finished  work  below. 

Appended  is  a  table  showing  the  amount  and  kind  of  work  done  and  giving  dimen> 
sions  of  the  same.  No  account  of  the  work  along  dike  is  taken,  as  that  will  appear 
in  the  report  of  the  assistant  engineer  now  in  charge  of  the  completion  of  those 
dikes. 

All  mattress  of  a  less  width  than  100  feet  is  such  as  has  been  laid  inside  of  main 
mattress  for  the  purpose  of  covering  gaps  left  by  the  latter.  The  piece  of  150  feet 
width  was  laid  where  the  inclination  of  tne  bottom  was  exceptionally  steep. 

The  total  length  of  mattress  and  revetment  made  will  be  found  to  be  respectively 
2,741  and  1,250  feet,  in  excess  of  the  length  of  bank  operated  upon.  This  excess  ia 
caused  by  the  reconstruction  of  damag^  work,  by  the  construction  of  mats  to  till 
gaps  between  the  main  one  and  the  &ore  line  or  revetment,  and  by  the  amount  of 
overlaps. 

Work  done  atBullerUm,  Touhheadfrom  December  1,  1882,  to  November  1,  1883. 


CIms  of  work. 


Dimensions. 


Foot-mattress  made  and  sunk..!  10.310  by  100  feet,  8M  by  160  feet, 

I      298  by  75  feet.  894  by  37  feet. 

Bevetment  made 8,140  by  70  feet 

Bevetiuent  loaded j  3,531  by  70  feet,  1,454  by  40  feet 

Bank  graded 8,900  by  65  feet 

Poles  oat,  cords 233 

Brosh  cnt,  oords 760 

DltoUng I  2,425  feet 


Totals. 


12,866  feet = 11,220  squares. 

8,140  feet  =  5,698  squares. 

4,985  feet  =  8,053  sqaares. 

8,900  feet 

233  oords  =  97,860  feet. 

760  cords. 

2,425  feet  =  1,479  cable  yards. 


Respectfully  submitted. 


f^tipt.  John  O.  D.  Knioht, 

Corps  of  Ungineers^  U.  S,  A. 


AUG.  J.  NOLTY, 
United  States  Assistant  JSngineer, 
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15. 

REPORT  OF  F.   A.  YEAGER,  ASSISTANT    ENGINEER,   UPON    OPERATIONS    AT    OSCEOLA- 

BULLBRTON  AND  PLUM  POINT  DIKES. 

Plum  Point  Dike,  November  1,  1883. 

Captain  :  I  have  the  honor  to  submit  herewith  a  report  of  progress  of  the  work  on 
Osceola-BaUerton  and  Plum  Point  Dikes  from  December  1,  1882,  toOotober  31,  1883. 

osceola-bullerton  main  dike. 

In  referring  to  this  dike,  that  part  starting  from  Osceola  Bar  will  be  called  North 
Dike,  and  the  part  starting  at  Ballerton  Tow-head,  South  Dike. 

On  December  1,  1882,  about  1,200  feet  of  North  Dike  was  standing,  and  on  March 
12, 1883,  a  fleet  of  eisht  drivers  was  put  to  work,  driving  until  April  13,  between  which 
^ate  and  the  18th  all  drivers  were  moved  to  Gold  Dust.  The  dike  was  then  com- 
pleted all  but  two  openings,  one  of  200  feet,  900  feet  from  south  end  of  South  Dike, 
And  one  of  250  feet,  about  300  feet  farther.  From  April  18  to  June  1, 200  feet  of  dike 
between  the  two  openings,  and  500  fc't,  about  400  feet  from  south  end  of  South  Dike, 
washed  out,  on  account  of  drift  and  no  foot-mat.  June  1  the  drivers  were  a^ain  pat 
to  work,  and  on  Jnne  22  tlie  mouth  of  chute  was  closed,  all  but  a  gap  of  1^  feet, 
■about  1,54)0  feet  from  south  end  of  South  Dike,  and  from  June  2Si  to  July  10  drivers 
were  idle  on  account  of  having  no  piles  long  enough  for  depth  of  water.  Between 
July  16  and  20,  600  feet  between  Ranges  49  and  49^,  having  no  foot-mat,  scoured  out, 
and  on  the  night  of  the  21st  a  large  rafc  of  logs  lodged  on  the  head  of  remainder  of 
^uth  Dike,  and  although  this  part  had  been  matted,  inside  and  outside,  about  200 
feet  gave  way.  The  washing  out  of  this  part  may  be  said  to  have  been  caused  by 
<irift,  large  quantities  of  which  had  accumulated  on  dike,  extending  out  farther  than 
the  mat,  thus  promoting  scouring  action  under  the  mat  at  its  outer  edge. 

Dnriof^  the  night  of  «fuly  23  the  steamer  J.  S.  Woods,  with  tow  of  empty  barges 
:flanked  m  on  dike  where  Kange  49  crosses,  catching  pile  driver  No.  17,  and  pnshing 
her  through  and  up  the  front  row  of  piling,  about  150  feet.  Shortly  after  this  454 
feet  near  the  same  place  scoured  out,  caused  by  collapsing  and  imperfect  sinking  of 
mat.  Clusters  of  tnree  piles  were  then  driven  about  10  feet  apart,  and  the  tops  con- 
nected with  a  heavy  wire  cable.  A  mat  100  feet  wide  and  250  feet  long  was  made  on 
Qpper  side  of  these  clusters,  bat  collapsed  before  sinking  was  commenced;  250  by  40 
feet  remained  good  and  was  sunk.  The  clusters  stood  erect  for  three  days,  when  they 
bent  over,  and  about  two  weeks  later  washed  out  or  broke  loose.  At  this  time^ 
August  15,  it  was  almost  impossible  to  drive  to  any  advantage,  on  account  of  rapidity 
of  current  and  scarcity  of  lon^  piles.  All  dike  was  now  matted,  and  as  the  water  waa 
too  low  for  boats  to  run  outside  of  tow-head,  a  gap  of  900  feet  was  left  open  for  navi- 
gation, and  all  force  moved  down  to  finish  Bullerton  Cross-Dike  No.  1.  Between 
September  10  and  20, 375  feet  of  dike  was  added  to  south  end  of  North  Dike,  and  about  50 
feet  to  north  end  of  South  Dike,  making  North  Dike  3,995  feet  in  length,  and  South 
Dike  959  feet,  with  an  opening  of  900  feet  between  them.  One  thousand  three 
hundred  and  fifty  feet  of  North  Dike  is  completely  covered  with  sand,  and  all  the 
rest  partly  covered  but  500  feet  at  south  end.  The  general  condition  of  dike  is  given 
on  the  accompanying  sketch. 

BULLBRTON  CROSS-DIKE  NO.   1. 

This  dike  is  composed  of  two  parts,  one  on  east  side  and  the  other  on  west  side  of 
Bnllerton  Chute. 

West  Dike  runs  on  a  line  fW>m  49^  Ark  to  52  Bullerton  Tow-head,  and  is  570  feet  in 
length.  East  Dike  starts  midway  between  50  and  50^  Bullerton  Tow-head,  and  runs 
toward  a  point  200  feet  below  50  Ark.  It  is  1,200  feet  long  and  makes  a  curve  at  1,130 
feet  in  the  direction  of  West  Dike.  Some  difficulty  was  experienced  in  the  building 
of  West  Dike,  as  for  a  time  the  piling  washed  out  verv  faet,  but  after  being  matted 
with  inside  and  outside  tip-mat,  scounng  action  ceased,  and  since  that  time  a  fill  of 
10  feet  has  takeYi  place,  where  previous  to  sinking  of  mat  I  reported  five  piles  washed 
cat.  and  47  feet  of  water.  The  shore  at  end  of  dike  is  protected  with  200  by  50  feet 
of  bank,  protection  above  and  150  by  50  feet  below  dike.  Also  a  foot-mat  of  same 
length,  nut  100  feet  wide.  Each  dike  is  all  matted  inside  and  as  far  as  practicable 
outside. 

Both  East  and  West  Dikes  are  in  good  condition,  and  a  noticeable  fill  is  taking 
place  above  and  below  each.  From  present  appearances  the  chute  is  slowly  filling 
op  and  the  channel  going  on  the  oatside  of  the  tow-head. 
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PLUM  POINT  DIKB8. 

These  dikes  were  started  September  20,  and  as  yet  little  progress  has  been  made^ 
owin|  chiefly  to  scarcity  of  materiaL  Up  to  date  work  has  ueeu  done  only  on  Main 
Dike  and  Cross-Dikes  1  and  2.  The  amount  of  dike  completed  and  incomplete  is 
given  on  sketch.  Five  hundred  and  flfty-six  feet  of  Main  Dike  has  100  feet  foot-mat, 
and  458  feet  has  inside  or  grillage  mat  between  the  second  and  third  rows.  The  grill- 
age mat  is  a  tip-mat,  and  was  sonk  to-day.  The  foot-mat  has  not  yet  been  snnk.  All 
foot-mat  on  Main  Dike,  accordins  to  orders^  will  be  snnk  flat,  and  oros8>dikes  will 
have  grillage  tip-mat  and  50  feet  tip-mat  oateide.  The  shore  at  bead  of  Main  Dike  ia 
protected  by  a  revetment  S90  feet  long  and  65  feet  wide.  The  small  gap  between  end 
of  Main  Dike  and  shore  will  be  closed  in  a  few  days  and  cross-dikes  will  be  finished 
to  shore  as  soon  as  possible. 

If  the  material  can  be  had,  Main  Dike  as  far.  as  Cross  Dike  No.  8  and  Cross  Dikes  1 
and  2  can  be  protected  by  the  latter  part  of  December. 

PULMT. 

The  small,  low,  100-foot  mat  bar^^e  need  by  me  in  Bnllerton  Chnte  is  almost  nseleaa 
for  making  mat  in  swift  water,  as  it  has  bat  one  kevel  on  each  end  and  no  capstan. 
The  new  large  157-foot  mat  boat,  with  capstan  on  each  end,  I  am  now  using  is  aU 
that  oonld  be  desired. 

The  pile-drivers  have  done  very  well,  bat  the  ciroalar  lead  drivers  are  at  Umeu  very 
awkward  to  handle,  and  are  the  cause  of  considerable  delay.    The  side  lead  drivers 
are  much  more  convenient  and  in  every  way  preferable  to  circular  leads. 
Very  respectfully,  \  our  obedient  servant, 

F.  A.  TEAGER. 
J.  O.  D.  Knight, 

detain  of  J£ngine$r$f  U.  8.  A. 


16. 

REPORT  OF  A.  P.  HATFIELD,  ABSISTANT  ENGINEER,  UPON  HYDRAUUC  GRADING  OPERA- 
TIONS. 

Elmot,  Ark.,  Natember  13,  1883. 

Sir  :  I  have  the  honor  to  submit  the  following  as  my  report  of  the  hydraulic  gradin|( 
performed  in  Plum  Point  Reach  since  December  1,  1882. 

On  that  date  I  was  placed  in  charge  of  Grader  No.  4.  This  grader  has  two  Davidson 
pumps,  independent  action.  Plungers  16  inches  diameter,  ariven  by  two  compound 
engines,  the  initial  or  high-pressnre  cylinders  being  18  by  34  inches,  the  low-pressnre 
cylinders  34  by  24  inches.  Steam  is  supplied  by  a  battery  of  three  boilers.  22  feet  long. 
44  inches  diameter  of  shell,  with  five  10-inch  fiues.  Area  of  grate  surface,  56  feet  3 
inches.  The  vacuum  pumps  are  also  of  the  Davidson  style,  steam  cylinders  10  by  16 
inches,  water  cylinders  12  inches  diameter.  The  water  supply  came  from  two  wells 
directly  below  the  pumps ;  these  are  3  feet  square,  the  water  passing  through  two 
strainers  of  2,500  {-inch  holes.  The  suction  pipe  is  14  inches  diameter.  The  dis- 
charge is  through  a  boom  pipe  60  feet  long,  having  twelve  openings  fitted  with  4-inoh 
values ;  to  these  the  hose  is  attached.  The  hose  outfit  consisted  of  4-inch  hose— six 
sections  50  feet  each ;  two  sections  25  feet ;  two  sections  12  feet  2|  inches.  Rubber 
6-ply  hose,  four  sections,  50  feet,  with  nozzles  1^,  If,  and  2  inches. 

December  2,  the  grader  was  taken  to  the  head  of  BuUerton  and  began  work  on  the 
west  side.  Here  we  graded,  up  to  February  9,  9,432  linear  feet,  and  98,546  yards. 
Up  to  this  time  the  total  operating  expenses  were,  for  labor,  9I997O.I2 ;  fuel,  $439:97 ; 
subsistence,  $548.25 ;  total,  $2,958.34.  Cost  per  yard,  3  cents;  per  linear  foot,  31  cents. 
The  grader  had  a  total  crew  of  17  men,  and  used  about  80  bushels  of  coal  per  working 
day. 

if  ai^h  26 1  was  transferred  to  Grader  No.  2.  This  has  pumps  of  the  Deane  make, 
and,  except  in  being  duplex  action,  they  are  of  the  same  general  dimensions  and  steam- 
power  as  Grader  No.  4. 

We  again  began  work  on  upper  Osceola  Bar,  where  we  were  at  work  until,  April  6, 
the  water  again  rising  obliged  us  to  stop.  Here  we  graded  2,900  linear  teet,  10,639 
▼ards.  The  expense  of  this  period  was :  Labor,  $403 ;  fuel,  $83.60 ;  subsistencd;  $83.20 ; 
total,  $569.80.    Cost  per  yard,  3.8  cents ;  per  linear  foot,  14  cents. 

We  were  laid  up  on  account  of  high  water  until  July  14,  when  I  was  directed  to 
take  Grader  No.  4  and  try  to  wash  a  channel  through  the  bar  forming  ttom  near  the 
head  of  BuUerton  toward  the  head  of  Yankee  Bar.  We  commenced  00  the  lower  std» 
of  the  bar,  working  ai>-stream  with  two  l^inch  nozzles,  which  were  fastened  to  a  spar 
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and  lowered  to  the  bott-oiD.    Souodings  showed  that  a  hole  was  readily  washed  from 
3  to  5  feet  deep,  but  that  it  filled  up  immediately  after  the  grader  moved.    There 
were  then  17  feet  of  water  on  the  bar.    We  also  tried  working  from  the  upper  side  or 
the  bar  dovm,  but  in  eaoh  case  th«  hole  filled  up  almost  immediately.    July  24  this 
was  fftven  up,  it  being  evident  that  the  work  was  useless. 

July  28  we  began  grading  again  on  Bullerton  below  the  previous  work.  August 
30,  run  ont  at  lower  end  of  tne  tow-head,  making  4,360  linear  feet,  36,606  yards.  Most 
of  this  time  we  could  use  but  one  pump.  The  cost  of  this  period  was :  Labor,  $840.50 ; 
fuel,  $199.90 ;  subsistence,  $173.80;  total,  $1,214.20.  Cost  per  yard,  3.3  cents ;  per  lioear 
foot,  27  cents.  This  was  the  last  grading  performed  by  me.  September  24  I  waa 
again  transferred  to  Qrade r  No.  2  and  directed  to  work  in  the  chute  below  Gold  Dust. 
September  26  the  grader  sunk  while  passing  down  the  chute.  The  circumstances- 
were  related  in  my  report  of  the  occurrence.    The  grader  was  raised  October  14. 

I  have  thus  ^iven  a  sketch  of  the  amount  of  wo&  performed  by  the  graders,  most 
of  the  work  being  done  by  No.  4.  I  can  say  very  little  as  to  the  respective  merits  of 
the  Davidson  and  Deane  pumps.  The  advantage  seems  to  be  witn  the  Deane  for 
regularity  of  action  and  their  greater  solidity  acquired  by  the  iron  beds  and  the 
heavier  metal  of  its  parts. 

The  arranj^ement  of  the  wells  under  the  pumps  was  found  to  give  trouble  by  the 
pumps  sucking  the  sand  and  muddy  water  running  off  the  banks,  wearine  the  packing 
and  plungers.  While  laid  up  during  Ma,j  and  June  this  was  changed  so  tuat  the 
water  is  now  taken  from  the  bow  or  t>he  point  where,  as  the  grader  lies  to  the  bank 
at  work,  it  is  over  the  deepest  water  and  removed  as  uir  as  possible  from  the  effect  of 
the  mud  ftrom  the  bank.  The  wells  in  the  bow  seem  to  act  as  a  settling  tank  and 
furnish  better  water  to  the  boilers  and  pumps,  but  they  require  to  be  frequently 
cleaned  of  the  mud  deposited. 

The  left  pump  of  Grader  No.  4  seemed  to  have  settled  out  of  line,  so  that  during  Au- 
gust we  could  use  but  one  pump.  An  examination  also  showed  that  part  of  the  valve 
motion  had  become  so  worn  that  it  was  probably  the  cause  of  the  irregularity  of  stroke 
and  heavy  pounding  for  some  time  noticed  in  this  pump.  The  rubber  valves  seem  to 
wear  rapidly.  Two  sets  have  been  used.  The  worn  valves  have  been  refaced  in  a 
lathe,  but  after  being  so  faced  have  proved  to  be  of  very  little  further  use. 

In  working  the  grader  I  have  generally  used  one  If-inch  nozzle  with  two  1^  inch. 
One  large  nozzle  proves  to  be  more  effective  than  two  small  ones,  but  the  small  ones 
make  the  better  grade.  There  seems  to  be  too  much  water  flowing  in  one  place  from 
the  large  nozzle.  When  using  all,  I  have  had  the  small  nozzles  working  together  near 
the  grader,  with  the  large  nozzle  about  100  feet  ahead  in  a  cut  by  itself.  Occasionally 
a  stratum  of  hard  blue  clay  is  found  which  the  smaller  nozzles  cannot  cut,  and  I  have 
then  combined  all.  The  general  arran^ment  of  strata  has  been,  on  the  top  a  brown 
clay  from  four  to  twelve  feet  thick,  with  underlying  strata  of  sand  alternating  with 
clay;  but  these  strata  occur  in  great  variety  of  number  and  thickness.  When  the  bank 
is  entirely  of  clay  but  little  care  need  be  taken  for  a  smooth  grade.  Where  sand  oc- 
curs the  method  I  have  used  has  been  to  keep  the  top  of  the  cut  a  little  ahead  of  the 
bottom,  and  always  keeping  enough  of  the  loose  soil  back  of  the  cut  to  form  a  sluice 
and  prevent  the  water  flowing  back  over  the  grade.  A  gully  will  be  formed  at  the 
bottom,  but,  if  properly  managed,  this  can  he  filled  by  the  caving  of  the  bluff,  and 
the  sluice  advanced  as  rapidly  as  possible.  The  proper  grade  should  be  made  at  the 
first  cut ;  any  trimming  afterward  generally  does  harm.  In  some  sandy  places  the 
only  way  we  could  prevent  gullies  was  to  throw  the  water  from  the  top  of  the  grade 
down ;  then  the  Jet  after  cutting  does  not  run  down  the  grade,  but  glances  off  into  the 
river. 

The  obstacles  encountered  are  logs  buried  in  the  bank,  stumps,  the  willow  espe- 
cially going  deep,  willow  brush  growing  thickly  with  long  roots;  these  form  a  mat 
which  the^t  will  not  penetrate,  and  must  be  cut  and  pulled  out.  When  practicable, 
I  have  left  stumps  standing  on  the  ^rade ;  otherwise  they  are  pulled  out  by  the  hoist- 
ing engine  of  the  grader.  In  freezing  weather  ice  forms  a  few  inches  thick  on  the 
surface  of  the  bank,  and  finally  falls  in  a  sheet  over  the  bank  to  be  cut.  The  jet  will 
not  cut  this  ice;  so  it  has  to  be  broken  and  moved  by  hand. 

The  small  nozzles  are  strapped  or  fastened  with  hook-bolts  to  a  lever  or  bar  held  by 
the  nozzleman ;  to  this  lever  is  fastened  a  stem  allowing  vertical  motion  to  the  nozzle. 
This  stem  is  inserted  in  a  pine,  which,  being  t>ointed,  is  driven  into  the  ground  as  a 
stand.  The  stem  is  held  in  place  by  a  set-screw,  which  penetrates  into  a  recess  in  the 
stem  and  allows  free  horizontal  motion.  The  stand-pipe  is  also  assisted  by  an  anchor 
placed  forward.  The  anchors  were  first  made  with  a  rigid  bar  at  right  angles  to  the 
nuke ;  this  bar  had  a  hook  at  the  end,  which  was  put  in  a  ring  on  the  stand ;  but  as 
they  invariably  soon  broke  at  the  angle  between  the  fluke  and  the  bar,  I  substituted 
a  chain  for  the  bar.  For  the  large  nozzles  I  at  first  tried  the  same  kind  of  stand,  but 
soon  found  it  would  not  hold  even  with  three  anchors;  therefore  a  heavy  wooileu 
bench  having  four  legs  was  made ;  this  has  worked  well,  requiring  two*  anchorrt. 
The  large  nozzles  furnished  gave  way  at  the  base  by  the  copper  tube  drawing  out  of 
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the  coapling  riDg.  January  6  this  occurred,  breaking  tlie  nozzleman's  leg ;  tiince  then 
a  heavy  iron  clamp  with  an  eye  on  one  side  has  been  used;  the  clamp  is  also,  riveted 
to  the  tube. 

For  service  on  the  bank  I  have  used  one  nozzleman  and  two  helpers  for  the  large 
nozzle,  and  one  nozzleman  with  one  helper  for  each  sinall  nozzle.  On  the  grader  we 
require  two  engineers,  two  firemen,  a  linesman,  and  helper. 

I^ince  Apri^  6,  the  party  has  been  subsisting  on  the  nearest  quarter  boat. 

To  obtain  the  data  necessary  to  make  the  reports  of  the  emciency  of  the  pumps, 
work  performed,  d^c,  the  pumps  have  a  *' revolution  counter''  and  a  scale  laid  off  on 
the  eiae  of  the  pumps  to  show  the  length  of  the  stroke.  The  steam  engineer  has  on 
a  lioard  placed  convenient  a  blank  form  (see  Form  2).  on  which  he  records  the  exact 
time  of  starting  and  stopping  of  the  pumps,  cause  oi  stoppage,  and  the  rending  of 
the  revolution  counter  at  time  of  stopping.  The  counter  is  disconnected  when  the 
pumps  stop,  and  connected  when  the  pumps  are  started,  after  thev  have  made  the  first, 
few  strokes  to  fill  the  boom  pipe  and  hose.  A  record  is  thus  kept  of  the  effective 
strokes  of  the  pump.  The  theoretical  discharge  is  computed  from  the  number  and 
length  of  the  strokes.  The  nozzles  also  have  a  pressure  gauge  at  the  base  where  the 
stream  begins  to  contract,  which  gauge  shows  the  pressure  at  tnis  point,  and  the  actual 
discharge  is  computed  from  this  pressure  according  to  tables  found  in  *'  Ellis  on  Fiie 
Streams.''  A  blank  form  is  fastened  up  on  the  grader  house,  and  on  it  the  nozzleman 
records  frequently  the  pressure  of  nozzles  and  pumps  at  the  same  time,  also  the  time  of 
observation,  length  <if  nose,  &e,  (see  Form  No.  4).  The  steam  engineer  also  makes 
daily  reports  (Form  3)  of  matters  pertaining  to  the  working  of  his  engines.  From 
these  reports  and  bank  measurements  my  rei>orts  (see  Form  1)  are  compiled. 

The  efficiency  of  the  water  cylinder  has  varied  from  75  to  85  per  cent. 

The  pressures  used  have  generally  been  about  IIO  or  115 pounds  at  the  pumps,  which 
gives  from  80  to  90  at  the  nozzles.  I  at  first  endeavored  to  une  higher  pressure,  but 
the  frequent  bursting  of  the  2i-inch  hose  obliged  mo  to  use  the  low  pressure  men- 
tioned. This  2^inch  hose  was  of  rubber,  6-ply.  The  4-inch  hose  at  first  seemed  able 
to  endure  all  the  pressure  I  wished  to  give,  aiid  I  had  no  trouble  with  it,  until  after 
laying  up  through  the  high  water  I  tried  to  use  the  large  hose  and  nozzles  under  wat.er 
washing  the  bar.  Then  the  hose  would  not  endure  more  than  80  pounds  pump  press- 
ure, and  this  weakness  still  coo  tinned  when  the  hose  was  used  for  bank  gracfing.  I 
have  cut  out  the  burst  places  and  inserted  couplings,  but  the  4-inch  hose  on  band 
is  weak  and  causey  delays  by  its  frequent  bursting.  The  2i-inoh  rnl>ber  hose  has 
mostly  been  replaced  by  a  cotton  rubber-lined  hose,  Eureka  brand.  I'he  single  50-foot 
section  furnished  me  last  spring  has  given  good  satisf;M;tiou,  and  I  believe  is  still 
serviceable ;  but  hose  of  apparently  the  same  kind  received  since  has  given  much 
trouble  by  bursting  at  very  moderate  pressure.  The  first  to  break  gave  way  at  80 
pounds;  I  had  observed  the  pressure  only  a  moment  before  it  burst.  This  hose  also 
gives  way  near  the  nozzle.  The  first  signs  are  numerous  fine  jets  issuing  all  around 
the  hose;  these  increase  in  size  and  number  until  the  hose  gives  way.  The  time  con- 
sumed m  replacing  coupling,  either  when  the  hose  has  burst  or  the  coupling  slipped, 
has  added  to  the  cost  of  the  work.  I  have  endeavored  to  have  sufficient  hose  on  hand 
so  that  these  repairs  could  be  made  at  night  or  at  times  without  interfering  with 
the  work,  but  several  times  have  had  to  stop  and  make'  general  repairs.  When  the 
cotton  hose  is  not  iu  use,  I  have  kept  it  on  the  staging  lu  an  inclined  and  straight 
position.    When  in  use  this  hose  has  no  chance  to  dry,  and  this  may  tend  to  weaken  it. 

The  graders  as  they  are,  seem  to  be  very  complete  for  the  service,  and  I  have  no 
suggestions  to  offer  as  to  changes  in  the  general  construction.  I  would  only  suggest 
that  some  arrangement  be  added  that  will  enable  the  full  power  of  the  pumps  to  be 
applied  to  pumping  from  the  hold  in  case  of  accidents  or  leaks  which  may  endanger 
the  grader. 

I  append  the  blank  forms  used  in  collecting  data  for  reports. 
Very  respectfully,  yours  truly, 

S.  P.  HATFIELD, 
United  States  Assistant  Engineer, 

Mr.  A.  J.  Frith, 

United  States  Assistant  Engineer  in  charge  Plum  Point  Reach, 
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I  7. 

REPORT   OF    W.  H.  POWLBSS,    ASSISTANT    ENGIXEER,   UPON    SURVEYS    ON   TEDB  PLUM 

POINT  REACH. 

FULTONy  Tbnn.,  No^>emb€r  5,  1883. 

Captain  :  In  accdrdanoe  with  yonr  order  of  September  14, 1  have  the  honor  cO' 
submit  the  following  report  for  the  eleven  months  endine  October  31,  18^. 

FiM  and  offic$  work,  —-The  following  is  a  statement  of  the  work  accomplished  by 
the  party : 

The  following  additional  maps  and  tracings  have  been  made : 

Nnmerons  progress  sheets  have  been  prepared,  and  several  drawings  made  of 
machinery,  &c. 

The  following  measurements  of  discharge  have  been  made : 

•  •  •  %  •  «  • 

The  following  miscellaneous  field  work  has  been  done : 


Stage  of  the  river, — ^From  the  hydrograph  which  accompanies  this  report  it  will  be 
seen  that  three  distinct  flood-waves  passed  down  during  the  eleven  months.  The 
heights  attained  by  their  crests,  and  tne  dates  of  their  passage  at  Plum  Point,  are  a» 
follows: 


Nnmbw. 


Fini... 
S«oond. 
Third.. 


Dftte. 


l[wrolil«1883 
April  19, 1883 
Jane  30, 1888 


Height  above 
low  water  of 
1870L 


FttL 
82.20 
28.80 
2&76 


Height  below 
higiL  water  of 
llaroh  1,1883. 


0.fi2 
8.88 
5.87 


The  first  flood  caused  a  general  overflow  between  Cairo  and  Memphis ;  but  as  it- 
snbsided  very  rapidly,  its  effect  was  less  disastrous  than  that  of  Marcn  1,  1882.  The 
second  and  third  flood- waves  only  overflowed  the  banks  in  a  few  localities ;  the  latter 
was  caused  by  the  Missoari  River,  and  did  much  damage  above  Cairo. 

In  accordance  with  your  instructions,  the  mean  sti^  of  the  river  for  the  vears 
endinff  November  1,  1882,  and  November  1, 1883,  was  computed,  a  planimeter  being: 
used  for  the  purpose.  The  results  obtained  were  20.6  and  14.8  leet,  respectively. 
The  following  table  gives  the  mean  stage  for  the  months  comprising  those  years. 

Moan  otage  of  rivor. 


Konths* 


November 
Beoember 
Jannary . . 
February. 

March 

April 

May 

June 

July 

Augoet . . . 
Semember 
Ootober... 


1881  and  1882. 

1882  and  1888. 

IVet 

FmL 

1881.  17.5 

1882,     5.6 

1881,  18.2 

1882.     5.2 

1882,  28.2 

1888,     0.7 

1882.  81.7 

1888,  25.6 

1862,  8L8 

1888,  24.4 

1882,  24.1 

1888,  26. 0 

1882,  2&7 

1888,  20.8 

1882.  26.1 

1888,  240 

1882.  22.0 

1883,    19.4 

1882,   11.7 

1888,   10.6 

1882,     8.0 

1883,     8.1 

1882.     4.7 


1888,     3.4 
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The  following  table  is  also  appended. 


Vninberof  days  '  Koyembcr  1, 

on  which  the      |        1881.  to 
stage  of  the  river    KoTember  1, 


▼anee  between— 


Oand  5 feet. 

6  and  10  feet . . 
10  and  16  feet . . 
16  and  20  feet . 
ao  and  25  feet. 
25  and  80  feet . 
80  and  85  feet . 


1882. 


45 
46 
82 
78 
84 
68 


November  1, 

1882.  to 

Novemoer  1, 

1888. 


"IT'- 

82 
26 
61 
42 
58 
20 


CHANGES  ON  THE  REACH. 

*  «  •  •  •  « 

The  most  striking  change  noted  is  the  great  excess  of  the  fills  over  the  scoars,  a 
feature  probably  dae  to  the  Febraary-March  flood,  the  slackening  of  the  current  when 
the  water  overflowed  its  banks  causing  deposits  which  subsequent  floods  have  as  yet 
failed  to  remove. 

Jghpart  Bend. — In  the  bend  above  Daniels  Point  rapid  caving  occurred  during 
medium  and  high  stages,  and  an  unusually  swift  current  existed.  (During  the  Feb- 
rnary-Maroh  flood  the  surface  velocity  in  this  bend,  about  300  feet  from  the  caving 
bank,  was  9  feet  per  second  or  6  miles  per  hour.)  The  material  derived  from  this 
caving  was  probably  deposited  over  the  bed  of  the  river  in  Ashport  Bend,  where  the 
-current  was  much  more  slack.  This  depobit  in  turn  caused  a  contraction  of  sectional 
area  from  which  the  river,  owing  to  the  curvature  of  its  left  bank  and  the  nature 
•of  its  material,  sought  relief  in  caving  rather  than  in  bed  erosion.  Approximate  val- 
ues  of  the  volume  of  scours  and  fills  in  this  locality  were  as  follows : 

Cubic  feet. 

Volume  of  caving  bank  in  bend  above  Daniels  Point 170, 000, 000 

Tolume  of  caving  bank  in  Ashport  Bend 106,700,000 

Volume  of  bed  erosion  in  Ashport  Bend 86,000,000 

Volume  of  fill.over  bed  in  Ashport  Bend 429,200,000 

Assuming  that  the  volume  of  caving  in  the  Ashport  Bend  has  been  carried  below, 
the  volume  deposited  in  the  bed  which  has  been  derived  above  from  sources  other 
than  the  caving  bank  in  the  bend  above  Daniels  Point  is  152,500,000  cubic  feet. 

The  values  of  the  mean  depths,  widths,  and  sectional  area  at  low  water  are  given 
in  a  table  accompanying  this  report,  and  are  also  represented  graphically  on  a  tracing. 
The  following  are  the  mean  values  in  this  part  of  the  river. 


Mean  changes  in  Aehpart  Bend,  No».  ^i0^27,  hoik  inolMewe, 

IDecreasein  high-water  sectional  area square  feet..  10,377 

Decrease  in  low- water  sectional  area do 9,056 

^Decrease  in  low- water  mean  depth feet..  5 

Increase  in  low-water  width do....  218 

•  «»»«*• 

Ranges  Nos.  27-^1. — ^The  changes  over  this  portion  of  the  river  consist  in  a  bcour 
lalong  the  main  dike  and  a  fill  in  the  channel.  The  maximum  value  of  thb  former  is 
10  feet  and  its  average  about  5  feet.    The  maximum  fill,  23  feet,  occurs  on  No.  30. 

Main  river,  Nos.  3S^8. — ^An  inspection  of  Nos.  32  and  33  shows  that  a  very  heavy 
fill  has  occurred  off  Elmot  Bar,  which  has  been  accompanied  by  marked  caving  on 
the  Arkansas  shore.  On  No.  33  the  area  of  this  fill  and  caving  are  nearly  equal,  but 
on  No.  32  the  fill  is  largely  in  excess.  The  caving  in  this  loctuity  has  formed  a  false 
point  below  No.  33,  the  tendency  of  which  is  to  throw  the  water  toward  the  foot  of 
jSlmot  Bar.    This  effect  is  particularly  noticeable  on  No.  36. 

Elmot  Chute. — The  changes  in  this  chute  are  as  follows:  Over  areas  behind  the  old 
dikes  a  fill  has  generally  resulted ;  over  areas  behind  tlie  gaps  recently  closed  a  scour 
has  occurred ;  on  Nos.  30  and  31,  at  Ke^s  Point,  a  caving  bank  and  a  making  bar 
have  shifted  tne  channel  to  the  south,  while  lower  down  along  Elmot  Bar,  fironi  No.  34 
to  37,  similar  causes  have  shifted  the  channel  to  the  north.  Below  No.  38  the  chute 
lias  made  a  new  low-water  mouth  along  the  outside  of  Island  No.  30,  causing  very 
iieavy  scours.    Owing  to  this  and  to  the  caving  banks  before  mentioned,  the  resultant 
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change  in  the  higli-water  sectional  area  shows  an  increase.    The  increase  in  the  area^ 
of  the  low-water  section  is  not  so  marked,  owing  to  the  hulk  of  the  erosion  occurring 
above  low-water  mark. 
The  following  are  the  valnes  of  these  changes : 

Mean  changes  in  Elmot  Chute, 

Nob.  27-42,  excepting  Nos.  2d  and  31 : 

Increase  in  sectional  area,  high  water square  feet. .  3, 340 

Increase  in  sectional  area,  lowwater do....      420 

Increase  in  mean  depth,  low  water feet..  1. 1 

The  upper  mouth  of  Elmot  Chute  at  the  foot  of  Elmot  Bar  is  about  the  same  as- 
during  the  December-February  survey.  It  filled  up  completely  during  the  high 
Btaffe,  but  cut  out  again  when  the  river  fell. 

Chute  No.  30. — ^The  closing  of  this  chute  at  its  hW^,  which  was  commenced  in  1881,. 
still  continues.  It  is  now  entirely  cut  off  at  the  low  stage,  and  has  not  been  taken 
into  account  in  computing  mean  values  of  low-water  areas,  &>c. 

The  mean  changes  in  its  three  cross-sections  are  ae  follows: 

Decrease  in  high-water  sectional  area square  feet..  2,53.00 

Decrease  in  low-water  sectional  area do 710.0 

Decrease  in  low-water  mean  depth feet..  0.6- 

Oeeeola  Chute, — The  changes  in  this  chute  have  been  as  follows: 

Upper  (Hoeola  Chute,  No».  39|,  40,  40i,  41,  41i,  42,  and  43. 

Mean  decrease  in  high- water  sectional  area square  feet . .  4, 396. 0 

Mean  decrease  in  low- water  sectional  area do 946.  0 

Mean  decrease  in  low-water  mean  depth feet..  1.9 

The  maximum  fill,  17^  feet,  occurs  on  range  42. 

Lower  Osceola  Chute y  Noe.  45-47. 

Mean  increase  in  low-water  sectional  area square  feet..  40 

Main  River,  Nos,  37-50. — On  this  portion  of  the  river  the  most  noticeable  change  ia 
the  continued  caving  along  Osceola  Bar,  extending  fh>m  Nos.  41-47,  and  tending  to- 
shift  the  channel  sttu  further  toward  the  Arkansas  shore.  The  closing  of  chute  No. 
30  at  low  stages,  and  Ihe  deepening  of  the  lower  mouth  of  Elmot  Chute,  have  caused 
a  marked  shoaling  (maximum  value,  44  feet  on  No.  42)  of  the  old  channel,  and  a  scour- 
ing along  the  Tennessee  shore,  against  which  the  water  from  Elmot  Chute  impinges* 
This  water  is  there  deflected  and  then  scours  the  old  channel  at  No.  44,  and  thereby 
causes  the  fill  in  the  locality  where  the  Government  fleet  formerly  lay.  It  also  ap- 
pears that  a  shoaling  of  22  feet  has  occurred  at  the  Plum  Point  Landing  (No.  45). 
At  No.  48,  a  fill  averaging  16.4  feet  has  occurred  for  a  distance  of  2,400  feet,  in  front 
of  the  Osceola-Bullerton  Dike,  while  a  marked  scour  has  taken  place  in  the  channeL 
Behind  this  dike  a  fill  averaging  10  feet  in  depth  has  occurred  on  No.  48  for  a  distance 
of  700  feet,  and  on  No.  49  a  fill  averaging  10.6  feet  extends  to  the  Arkansas  shore. 

Main  river.  No.  50,  to  hea4  oj  Yankee  Bar. 

On  No.  50  a  scour  has  occurred  on  the  upper  side  of  BuUerton ;  shoal  water  still 
continues  along  the  outside  of  Bnllerton  Tow-head  off  its  head,  but  a  channel  has 
scoured  but  about  1,200  feet  from  it,  giving  10  feet  at  low  water  down  this  passage. 
Below  No.  50  a  fill  has  generally  occurred  over  BuUerton  Bar,  except  on  range  56, 
where  a  scour  has  taken  place,  owing  to  the  recession  of  the  bluff  sand-bank  which 
forms  the  right  shore  of  the  Tennessee  Chute,  below  No.  55.  A  marked  scour  has  oc- 
curred off  the  outside  of  Bnllerton  Tow-head,  at  No.  52  and  53,  and  a  deepening  has 
also  taken  place  at  its  foot.  This  latter  change  is  not  shown  on  the  tracings;  it  oc- 
curred between  the  surveys  of  August  and  October,  and  amounted  to  3  feet. 

BuUerton  Chute, — ^The  following  show  the  mean  cnanges  in  Nos.  50,  51,  52,  and  53,  in 

this  chute : 

Square  feet. 

Increase  in  high-water  sectional  area 1,212 

Increase  in  low-water  sectional  area 1, 481 

Below  head  of  Yankee  Bar. — Below  Bange  58  the  changes  are  not  very  marked.  Owing 
to  high  water  caving.  No.  58,  which  formerly  crossed  Yankee  Bar,  now  pafises  above 
it.    Caving  still  continues  above  Craighead  Point. 
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Yankee  Bar  CtuUe. — No  data  exists  for  noting  the  changes  in  this  locality.  Appear- 
•noes,  however,  indicate  a  ftU  throaghout  its  whole  extent. 

Vhangee  in  Elmoi  and  Island  No,  30  cftufM  between  enrv^a  of  AprU,  1882,  and  September^ 

October,  1883. 

'    The  surveys  of  April,  1882,  being  made  before  the  dikes  were  commenced,  this  com- 

S arisen  g^ives  an  idea  of  the  changes  caused  by  them.  The  caving  of  the  banks  at 
[ey's  Point  and  Elmot  Bar  and  the  deepeniug  of  the  chute  below  No.  38  had  begun 
several  years  before  the  dikes  were  commenced,  and  their  erection  has  not  as  vet  caused 
any  changes  in  these  localities.  The  shoaling  of  the  chute  of  No.  30  at  its  head  is  of 
several  years'  standing,  and  still  continues. 

On  a  tracing  the  dikes  are  shown  as  they  existed  about  Auffust  1,  as  the  gaps  in 
them  which  have  very  lately  been  closed  must  have  influenced  greatly  the  changes 
which  have  occurred.  These  changes  are  very  similar  to  those  already  noted  above 
as  occurring  between  the  surveys  if  December-February,  1882-3,  and  October,  1883. 
On  No.  31,  outside  of  the  dike,  a  fill  is  shown,  but  the  former  comparison  shows  that 
this  has  since  been  scoured  away. 

The  mean  changes  which  have  occurred  in  these  chutes  are  as  follows: 

Increase  in  high-water  sectional  area square  feet..  1,273 

Decrease  in  low-water  sectional  area do 557 

Increase  in  low- water  width feet..  106 

Decrease  in  low-water  mean  depth do  ..  0.1 

An  approximate  value  of  the  excess  of  the  volume  of  scour  over  that  of  fill  between 
the  higli-water  sections,  from  28  to  42,  is  22,426,000  cubic  feet. 

Gauging  observatione, — Gauging  observations  have  been  made  with  double  floats, 
run  at  mid-depth  and  observed  from  the  end  of  a  base-line  several  hundred  feet  long. 
An  ordinary  watch  was  used  for  observing  time.  The  distance  over  which  the  pas- 
sage of  floats  was  observed  was  200  feet. 

The  computed  discharges  mentioned  in  the  table  of  results  given  below  (Appendix) 
have  been  computed  from  the  equation  of  the  Fulton  discharge  curve  given  in  my 
report  of  July  11,  1881,  to  the  Commission.  The  observed  values  of  the  discharge  of 
the  river  at  fiullerton  Tow-head  on  September  5  and  October  26  differ  from  those 
computed  by  3)-  and  1  per  cent.,  respectively. 

It  will  be  seen  that  the  discharge  in  Lower  Osceola  Chute  ceases  at  a  sta^e  of 
about  4  feet ;  at  a  stage  of  25  feet  It  passes  about  7  per  cent,  of  the  volume  of  the  river. 
The  observations  taken  in  Elmot  Chute  show  that  in  June  the  upper  month  discharged 
about  one-half  more  than  the  lower  month,  but  that  in  October  these  discharges  were 
About  equal.    The  discharge  of  Chute  30  ceases  at  about  a  6-foot  stage. 

The  ratio  of  the  discharge  of  BuUerton  Chute  to  the  entire  discharge  of  the  river 
varies  inversely  as  the  stage.  On  September  15  (stage  4.9  feet)  its  value  was  0.62; 
on  October  26  (stage  5.4  feet)  this  was  reduced  to  0.50,  owing  to  a  scouring,  both  in 
the  Tennessee  and  middle  channels. 

SLOPE  OBSBBYATIONS. 

A  table  accompanvinff  this  report  gives  a  comparison  of  the  profiles  of  the  river  on 
March  1,  1882,  on  wnich  date  it  reached  the  highest  level  on  record,  and  on  October 
12,  1883,  when  the  stase  at  Elmot  was  3  feet  above  low  water  of  1879.  It  will  be 
seen  that  the  value  of  the  fall  from  Ashport  t-o  Fulton  is  1.36  feet  greater  at  the  low 
than  at  the  high  stage.  This  difference  is  a  maximum  at  Potty's  Landing,  the  fall 
between  that  point  and  Ashport  being  3.28  feet  greater  at  the  low  stajp^e. 

The  following  values  of  the  fall  through  BuUerton  Chute  from  Driver's  toPetty's 
Landings,  are  given : 


Date. 

Abore  low  water  at  Driver's  Landinfc. 

F*U. 

March  1.1S82 

FmL 
88.0 

JRmC 
0.68 

Ootober  12. 1883 

2.1 

2.51 

November—.  1879 - - - 

0.2 

8.S7 

From  the  tracing  showing  the  two  nrofiles,  it  is  seen  that  the  excessively  high  slope 
in  the  vicinity  of  BuUerton  Tow-bead  is  accompanied  by  a  low  value  of  the  curve  of 
mean  depth ;  also,  that  a  marked  scour  has  occurred  in  the  locaUty  where  at  the 
high -water  of  March  I,  1882,  a  verv  heavy  slope  was  found. 

During  the  low-water  surveys  of  August-September,  1883,  and  Ootober^  1883,  great 
variations  were  found  in  the  level  of  the  water  at  the  opposite  extremities  of  the 
oroBS-sections  in  the  vicinity  of  BuUerton  Tow-head,  caused  doubtless  by  a  shoal  at 
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the  lower  end  of  the  Tennessee  Chnte,  acting  as  as  a  dam  and  forcing  back  the  water. 
On  October  22  the  following  differences  in  elevation  were  fonnd : 

Feet. 

Elevation  of  No.  50  Tennessee  above  No.  50  Arkansas 0.62 

Elevation  of  No.  51  Tennessee  above  No.  51  Arkansas 1.33 

Elevation  of  No.  53  Tennessee  above  No.  53  Arkansas 1,62 

Elevation  of  No.  54  Tennessee  above  No.  54  Arkansas  • 1.73 

Elevation  of  No.  58  Tennessee  above  No.  58  Arkansas 1.78 

An  erosion  is  now  oconrring  at  this  shoal  in  the  chnte,  the  effect  of  which  will  be 
to  lessen  the  above  differences  and  increase  the  discharge. 

CAYINO  BANKS. 

Askport  Bend, — ^The  length  of  the  caving  bank  in  this  bend  is  abont  14,000  feet, 
extending  from  No.  21  to  2is,  and  the  greatest  annual  rate  of  cavins  is  at  present  540 
feet.  The  caving  since  the  fall  of  1879  bas  amounted  to  about  700  feet.  As  far  as 
observed,  caving  nore  occurs  wholly  at  medium  and  high  stages. 

BeUno  Fletok^s. — Caving  here  extends  from  the  mouth  oi  Mill  Bayou  to  the  false 
point  below  No. 33,  a  distance  of  8,000  feet;  of  late,  however,  but  little  caving  has 
occurred  above  No.  32.  The  maximum  caving  now  occurs  at  No.  33,  where  the  annual 
rate  is  600  feet. 

Inside  of  Elmot  Bar. — Below  No.  34  the  caving  which  was  in  progress  in  1879  still 
actively  continues,  and  to  it  is  due  the  erosion  ot  the  lower  mouth  of  Elmot  Chute  and 
the  closure  of  Chute  No.  30  at  its  head.  The  length  of  the  caviog  is  about  5,000  feet, 
and  the  present  maximum  rate  is  360  feet  per  year. 

Outside  of  Osceola  Bar, — The  caving  in  tnis  locality  has  been  in  progress  since  1879, 
since  which  date  the  head  has  receded  down-stream  3,000  feet,  and  the  cut  now  known 
as  the  middle  entrance  formed.  The  caving  since  1879  has  been  1,600  feet  at  No.  41, 
and  700  at  No.  44.  The  maximum  caving  of  late  has  been  at  No.  44»  where  the  bank 
has  receded  250  feet  in  ten  months.  At  present  no  caving  is  occurring  in  the  locality, 
the  bank  having  been  revetted. 

Below  San  Souci. — Caviuj^  still  continues  in  this  locality  and  is  most  marked  at  the 
low  stage  owing  to  the  swift  current  in  Bullerton  Chute.  The  length  of  the  caving 
bank  is  about  3,700  feet,  and  its  present  maximum  rate  270  feet  per  annum. 

At  and  above  Craighead  Point.— This  caving  occurs  almost  entirely  at  medium  and 
high  stages.  Its  length  is  about  15,000  feet  extending  from  No.  56  to  No.  68.  The 
maximum  rate  is  about  260  feet  per  year. 

Head  of  Yankee  Bar, — At  high  stages  a  very  swift  current  was  thrown  against  the 
head  of  Yankee  Bar,  due  probably  to  heavy  fills  in  Yankee  Bar  Chute.  The  bank 
being  composed  of  sand  has  receded  very  rapidly,  the  amount  of  recession  being  1,200 
feet  from  January  to  October,  1883. 

Local  high- water  caving  has  occurred  at  Keys  Point,  left  bank  of  Chute  No.  30,  and 

Tennessee  shore  below  Plum  Point. 

•  ••«••• 

SUMMARY  OF  CHANGES  ON  THE  REACH. 

The  following  table  exhibits  the  mean  values  of  cross-section  areas,  Ac,  from 
Daniels  Point  to  Fort  Pillow.  In  all  computations  relating  to  low-water  dimensions, 
the  following  chutes  in  which  no  current  exists  at  low  water  have  been  disregarded. 

Ashport,  Osoeola,  No,  30,  and  Yankee  Bar,  ^ 

Mean  values  No.  17  to  71. 

(Theee  volames  have  been  meMared  with  a  planimeter  from  onrvea  thown  on  tracing.) 

Decrease  in  high-water  sectional  area - square  feet..    4,438 

Decrease  in  low-water  sectional  area do....    4,728 

Decrease  in  low-water  mean  depth feet..        0.9 

Decrease  in  low- water  width do 109 

Area  in  low- water  sections  December,  1882,  February,  1883 square  feet. .  49, 520 

Area  in  low- water  sections  October,  1883 do 44, 792 

Low- water  mean  depth  December,  1882,  February,  1883 feet . .      15. 4 

Low-water  mean  depth  October,  1883 do....      14.5 

Low- water  width  December,  1882,  February,  1883 do 3,308 

Low-water  width  October,  1883 do 3,199 

The  value  of  the  decrease  in  high-water  sectional  area  would  be  probably  materially 
increased  if  the  fills  in  Ashport  and  Y^Aukee  Bar  Chutes  had  been  ascertained.  This 
omission,  however,  has  not  effected  the  values  for  the  low-water  sections. 


384 


BEPORT   OP   THE   MISSISSIPPI   BIYEB   COMMISSION. 


The  following  ia  a  Bammair  of  the  -volnmeB  of  fills  and  soonrs  over  the  reacb^ 
between  the  surveys  of  DecembeT,  1882,  February,  1883,  and  October,  1883. 

Feet. 

Yolnme  of  fill  below  ordinary  high-water  mark 726, 500,  OOO 

Yolnme  of  fill  below  low- water  mark 655, 000,  OOO 

Volume  of  fill  above  low-water  mark 70,700,000 

Volume  of  scour  below  ordinary  high- water  mark 257, 900, 000 

Volume  of  scour  below  low-water  mark 142, 500, 000 

Volume  of  scour  above  low-water  mark 115,400,000 

My  assistants,  Messrs.  Phillips,  Maurer,  and  Clark  have  rendered  valuable  and  effi- 
cient service. 
Respectfully  submitted. 

W)  H.  POWLE88, 
AetUtant  Engineer, 
J.  G.  D.  Enioht, 

Captain  of  Engineers^  U.  S.  A, 


Beeults  of  gauging  observations. 


LooaUty. 

Date. 

1 

i 

1 

1 

• 

► 
i 

al 

II 

H  S* 
«B«3 

• 

1 
1 

III 

s 

< 

^ 

» 

^ 

5 

18P3. 

Feet, 

Sq.feeL 

Feei, 

ft  per  He, 

Ft  per  see. 

0u,ftper9ee. 

Elmot  Chnte  at 

Jnne  27 

26.60 

76,781.5 

2L9 

4.70 

6.90 

867,051.4 

0.37» 

Jnly  18 

17.00 

49,150.0 

16.1 

4.00 

4.66 

196,26L0 

0.35« 

Oct    11 

2.60    

22,892.0 

0.140 

Elmot  Chnte  at 

foot  of  Blmot 

Bar 

Jnne  26 
Jnly  18 
Sept  20 
Oct.    11 

2&60 

17.00 

2.00 

215,381.4 
97.676.0 
11,028.0 

0.220 

0.182 

2,973.0 

6.4 

8.71 

4.09 

0.060 

2.69 

8,570.6 

6.6 

8.20 

3.70 

11,5910 

0.071 

Ebnot  Chate, 

lower  month. 

at  Range  89... 

Jnne  25 

26.50 

28,154.1 

28.4 

5.0 

5.26 

141,670.0 

0.15<» 

Jnly  19 
Sept  20 
Oct   11 

17.56 

20, 631. 1 

22.8 

4.8 

6.66 

98,686u0 

a  174 

1.95 

5,100.0 

6.1 

1.76 

2.17 

8,984.0 

0.074 

2.70 

5,400.0 

6.5 

2.09 

2.70 

11,800.0 

0.069 

Small  chnte  op* 

poaite    tow- 
neadonBange 

• 

83 7:. 

Jnne  26 

26.60 

9,136.0 
3,761.0 

15.8 

8.80 

4.20 

85,077.0 
14,844.0 

0. 04(^ 

Jnly  18 

17.00 

7.2 

8.80 

5.71 

0.020 

Sept  20 
Oct    11 
Jnne  26 
Jnly  18 

L95 

2.70 

26.60 

17.00 

«  «  •  • 

0 
0 
159,824.7 
57, 850. 2 
0 
0 

Chnte Ko.  SO  ... 

0.190 

0.105 

Sept  20 
Oct   11 

1.95 
2.70 

•••••••. 

Oaoeola    Chnte 

at  Ranee  41... 
Osceola  Chnte, 

Jnly    5 

25.80     21,449.0 

1 

17.8 

1.2 

L8 

26,545.2 

0.028 

Bange  42,  Ar- 

kanaaa  shore..  Jnly    6 

25.80 

8.562.0 

J4.9 

1.57 

2.00 

18,552.6 

0.013 

Osoeola  Chnte, 

Bange46 

May  10 

23.80 

36,356.8 

21.6 

8.60 

4.20 

59,074.5 

0.070 

Jnly    6 

25.80 

16, 687. 0 

20.2 

4.00 

4.60 

65,671.8 

1        0.071 

Jnly  17 

16.60 

9,000.0 

13.2 

3.12 

3.60 

28,148.0 

0.052 

Osoeola  Chnte, 

Range  48 

Sept    6 

4.95 

8,364.0 

8.2 

0.36 

0.45 

1, 211. 0 

0.006 

Bnllerton  Chnte 

at  Range  53... 

May  10 

28.30 

42,180  5 

40.9 

4.60 

5.35 

194, 774. 4 

0.240 

Jnly  n 

16.60 

85, 924. 0 

37.2 

5.02 

5.80 

182. 235.  0 

0  837 

Sept   6 

4.05 

24, 668. 0 

25.5 

5.10 

7.00 

126, 431. 0 

0.020 

Oct    26 

5. 35     24, 050. 0 

23.4 

4.48 

5.27 

107,711.0 

a  505 

Middle  Channel, 

1 

Range  68 

Sept    5 

4  05     18, 700. 0 

9.2 

2.80 

3.71 

52,238.0 

a  256 

Oct    26 

5.35 

18,600.0 

8.6 

3.54 

4.32 

65, 875. 0 

0.3O8 

Xennesaee 

Chnte,  Range 

1 

Kft 

Sent.    S 

4. 95     10, 400. 0 

7.7 

2.60 

8. 13 

25, 502. 0 
40,2.55.0 

'        0  1''5 

;  Oct.    26 

t 

5.35     12.050.0 

a5 

8.34 

4.50 

0.189 
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DUckarge  of  entire  river  at  Range  53. 


1 

i 

r 

Feet, 

1 

a 

Date. 

1 

] 

« 

! 
1 

FmL 

a«f 

JVflt. 

A<<. 

Sept  fi,  1883. 
OoiSQ,1M8. 

4.96 

e.21 

4,845 

12.8 

6.85 

e.24 

64.700 

4,618 

U.8 

f 

► 

9 


2| 

I 


8.7 
8.8 


CkufLpereee, 
204,100.0 
218»84L0 


*  Si 

1'^ 


|ll,- 


700 
211,724 


Diftrenoe. 


Ou. 


2,U7 


On  SeptMnber  6  the  riTer  wm  fidUag.    On  October  20  the  riyer  wee  BtatlonAty. 


APPENDIX    K, 

bbpobt  of  major  a.  x.  millbb,  corps  of  bnoinbbr8,  upon  opbration8  ik  thb 

8bcomo  district,  uississippi  riybr. 

Unttbd  Statbs  Ekoinbbr  Officb, 

Memphis^  Tenn,f  November  12,  1883. 

Colokbl:  In  complianoe  with  yoar  letter  dated  September  6,  1883,  I  have  the 
bonor  to  sabmit  the  following  report  of  work  done  since  December  1,  1882,  in  the 
«eoond  district,  nnder  the  supervision  of  the  Mississippi  River  Commission. 

MBMPHIS  REACH  AND  HARBOR. 

Bank  protection. 

In  November.  1882,  a  project  was  submitted  for  work  on  the  Memphis  Beach,  from 
foot  of  Island  No.  40  to  Scanlan's  Landing,  and  the  revetment  of  the  bank  in  Hope- 
field  Bend  on  the  west  bank,  and  from  Frame's  Chute  to  mouth  of  Wolf  Kiver  on  the 
«ast  bank,  was  approved  by  the  Commission,  an  allotment  of  $300,000  having  been 
made  for  this  purpose,  and  at  a  subsequent  meeting  of  the  Commission,  on  my  urgent 
representation,  an  additional  allotment  of  |25,000  was  made  for  the  purpose  of  revet- 
tingand  securing  the  bank  on  the  Memphis  fh>nt,  from  the  freight  elevator  to  moutili 
of  Wolf  Biver,  where  caving  seriously  threatened  great  damage  and  the  probable 
entire  destruction  of  very  viunabie  mills,  the  cotton  compress,  and  freight  elevators. 

MBMPHIS  FRONT,   BBLOW  WOLF  RIYBR, 

The  work  of  sinking  mattresses  was  nearly  completed  on  December  1,  1882;  since, 
that  date  five  mattresses  were  sunk,  three  in  the  vicinity  of  the  cotton  compress,  and 
two  in  front  of  the  city  levee,  as  shown  on  map.  The  upper  bank  was  traded  by 
hand,  ftY>m  the  elevator  to  cotton  compress  and  revetted  with  willows  and  broken  stone. 
In  addition  to  the  revetment  of  the  bank  It  was  necessary  to  build  wooden  culverts 
to  lead  the  city  drainage  to  low  water,  in  order  to  prevent  its  cutting  the  bank  into 
gullies,  and  thus  causing  fi^sh  caving. 

The  amount  of  work  completed  here  was  as  follows :  Five  mattresses  60  by  120  feet  s 
300  linear  feet ;  13,700  cubic  yards  bank  excavation;  362  feet  wooden  culverts  2  by 
2  feet ;  6,273  square  yards  of  upper  bank  revetment. 

This  work  has  apparently  accomplished  the  obiect  for  which  it  was  constructed, 
that  is,  the  prevention  of  further  bank  caving.  It  has  stood  well  the  hish  water  of 
1883,  %ad  quite  a  growth  of  willows  has  made  its  appearance  on  the  upper  oank  revet- 
ment. Some  repairs  may  be  necessary  from  time  to  time  to  keep  the  culverts  in  order. 

revbtmbnt  of  hopbfibld  BB2n>. 


This  work  consisted  in  sinking  deep-water  mat  tresses,  building  upper  bank  protec- 
tion, and  the  grading  of  bank  above  low  water .    Tb^  object  of  tne  work  is  to  hold 
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tbe  river  in  iis  present  channel,  thns  preventing  a  iK)e8ible  cut-off,  which  would  leave^ 
the  city  of  Memphis  away  from  the  nver. 

The  project  contemplated  the  revetment  of  the  bank  from  Monnd  City  Landing 
above,  for  a  distance  of  two  miles,  t-o  a  point  In  the  vicinity  of  Hopefield. 

Active  operations  were  begun  in  December,  1882,  by  the  employment  of  hydranlior 

frader  No.  2,  in  grading  the  bank  and  mattress  sinking,  whicn  was  continued  until 
ebrnaiy  10,  1883,  when  high  water  pot  a  stop  to  the  work.    Owing  to  the  condition 
of  the  river  during  the  siuinff  of  mattress  work,  rapidly  rising  water,  much  diffi- 
oulty  was  experienced  from  drift  and  a  strong  current,  it  was  therefore  not  consid- 
ered safe  to  construct  continuous  mats.    The  mattressss  were  therefore  sunk  in  lengths 
varying  from  250  to  300  feet,  all  having  a  width  of  140  feet. 

On  I^bruary  10, 1883,  high  water  caused  a  suspension  of  the  work,  at  which  time 
1,127  linear  feet  of  mattress  140  feet  wide  had  been  placed  in  position. 

Work  was  resumed  in  August,  1883,  and  is  still  in  progress. 

The  total  amount  of  work  done  since  December  1,  lo82,  to  October  31,  1883,  haa 
been  as  follows:  6,956  linear  feet  of  mattress  140  feet  wide  made  and  sunk;  7.589 
linear  feet  of  mattress  140  feet  wide  made;  67,242  cubic  yards  of  bank-grading; 
6,663.5  cords  of  willows  cut  and  delivered;  415  cords  of  poles  cut  and  delivered; 
4,922.25  square  yards  of  upper-bank  protection  made. 

In  addition,  snagging,  bank  cleanng.  and  repairs  were  carried  on,  for  details  of 
which  reference  is  made  to  the  report  oi  Mr.  W.  M.  Bees,  assistant  engineer  (marked 
B),  forwarded  herewith,  whose  diligence  and  tact  in  immediate  charge  of  the  work 
has  been  of  great  value. 

The  portion  of  the  bank  revetment  1,127  linear  feet,  built  December,  1882,  to  Feb- 
ruary, 1883,  and  which  has  experienced  the  effects  of  tbe  high  water  of  18H33,  when 
the  water  was  5  feet  over  the  banks  at  the  point  revetted,  has  shown  good  stability* 
After  the  water  fell  a  small  cave  occurred,  owing  to  a  want  of  continuity  of  the  mat- 
tresses, which  was  rectified  by  placing  a  mattress  over  the  vacant  spot.  The  upper 
end  or  head  of  the  mattress  work  will  re(]^uire  some  additional  work  to  secure  it,  but 
in  its  present  condition  is  secure  /h>m  serious  damage.  The  effect  of  the  next  nigb 
water  upon  this  work  is  looked  forward  to  with  great  interest,  as  it  will  probably 
decide  many  points  in  this  method  of  protection.  It  does  not  apper  to  be  Mvisablo 
to  undertake  this  kind  of  work  until  the  water  has  nearlv  if  not  quite  reached  ita 
lowest  stage,  although  this  depends  somewhat  on  the  depth  of  water  at  the  bank  to 
be  revetted.  At  high  water  it  has  been  found  very  difficult  to  place  the  mats  in  proper 
position,  as  the  tendency  is  to  slide  or  run  up  against  the  bank,  thuj  resulting  in 
upper  bank  protection,  when  it  is  essential  that  the  lower  bank  snould  first  be  held. 
Ilie  principal  cause  of  delay  in  the  work  bos  been  difficulty  in  procuring  willows. 
During  low  water,  when  it  is  absolutely  essential  to  push  the  worK  as  rapidly  as  pos- 
sible, the  very  worst  conditions  obtain  in  reference  to  procuring  willows ;  that  is. 
tbey  must  be  hauled  quite  a  distance  to  get  them  on  the  barges.  This  is  the  prinoipal 
item  in  their  cost.  The  practice  on  this  reach  has  been  to  build  wooden  tramwaya 
and  oars  and  haul  them  by  mules.  It  is  not  possible  to  obtain  willows  at  high  water,, 
and  keep  them  on  hand  for  use,  as  they  must  be  fireeh,  or  are  so  brittle  as  to  be  useleaa 
for  weaving.  Delav  i^om  lack  of  stone  has  not  been  felt  very  seriously  on  this  work, 
as  the  amount  required  has  been  comparatively  small;  on  one  occasion  recourse  was 
had  to  sacks  filled  with  buckshot  clay  to  sink  a  mattress,  and  the  work  seems  to  have 
held  well ;  4,300  gnnny  sacks  were  used  at  a  cost,  and  IcMtded  on  barges,  filled,  of  about 
$387 ;  their  weight  was  equal  to  about  214  cubic  yards  of  stone. 

Labor  has  been  plentiful,  but  difficult  to  keep  employed  on  account  of  the  un- 
healthy climate,  white  labor  has  been  employed  with  the  exception  of  one  willow 
party,  which  was  composed  of  negroes  with  white  overseers.  They  gave  better  sat- 
isfaction cutting  willows  than  white  labor,  but  were  more  difficult  to  keep,  as  when  a 
week^s  wages  were  due  them  they  would  quite  generally  leave  and  lay  idle  till  their 
wages  were  spent. 

'me  report  of  Assistant  Engineer  Joseph  Bumey  (Appendix  K  1)  showing  all  the 
work  done  on  Memphis  Harbor  is  transmitted  herewith. 

RKPAIR  OF  LBVEEB,  TAZOO  FRONT. 

The  Board  of  Engineers  convened  by  Special  Orders  No.  88,  Headquarters  Corps  of 
Engineers,  Washington,  D.  C,  August  29,  1882,  for  the  transaction  of  certain  pu^ 
ness  connected  with  the  repaL*  and  building  of  levees  on  the  Mississippi  River,  opened 
bids  for  the  construction  and  repair  of  levees  September  25,  1882,  and  a  further  let- 
ting was  made  on  October  16,  1882.  The  following  are  the  abstracts  of  bids  for  re- 
pairs of  levees  in  the  second  district  of  the  Mississippi  River  Improvement. 
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Abstraoi  of  bids  opened  September  25,  1882. 


t 

It 

Prioeof 

^ 

Names  of  bidden. 

Locality  of  levee. 

felling 

•   ^M 

So 

timber. 

i 

jCS 

4B 

B.  G.  Hiutoii,  ClnciniiAti, 
Ohio,    John    B.    Neely, 

Parker's  Enlargement  and 
breaks. 

to.  87 

Chattanooga,  Tenn. 
J.     W.     Eldridge.     Lake 

Cbarlee  Ijanding,  Miaa. 
HoQayock  St  Tate,   Mem- 

7 

1  Lake  Charles  break | 

SOr  $80  per 
25|      acre. 

)  Excavation. 
5  Embankment. 

10 

Parker's  Enlargement  and 

82    Cost  and 

phis,  Tenn. 

breaks. 

10  per 
cent. 

20 

Wirt     Adams,     president 
Htasiasippi  Coniraot  and 

Parker's  Enlargement  and  C 

breaks.                           < 

Lake  Charles  break ( 

23         (*) 

1 

Improrement   Company, 
Jackson,  Hiss. 

1 

*  Heavy  clearing,  $48  per  acre ;  light  clearing,  $30  per  acre. 

KOTB.— Contracts  were  awarded  to  McGavook  and  Tate  for  Parker's  Enlargement  and  breaks,  and 
to  J.  W.  Eldridge  for  Lake  Charles  break,  Wirt  Adams  having  declined  on  account  of  decision  reftis- 
lag  employment  of  convict  labor. 

Ab9tra4!t  of  bids  opened  October  16, 1882. 


Kames  of  bidders. 


1 
2 
8 


6 
10 


Patrirk  P.  Ijamb.  Bolivar 
County,  Mississippi. 

W.  M.  Forrest  and  J.  T. 
Stanton,  Memphia,  Tenn. 

Arnold   Sl  Co.,  Memphis, 
Tenn. 

MoGavock  &  Tate,Colorado. 


Andrew  Bodkin,  Memphis, 
Tenn. 

P.  Gillooly  and  John  Clan* 
cey.  Memphis,  Tenn. 

Timothy  Sullivan,  Doni- 
phan, Mo. 


Bemarka. 


Bland's    Bayou    to    Gky:- 
land*s. 

Garth's  break  to  Jeifer- 
n's. 

do 


\ 


Bland's 
Garth's 

son's. 
Bland's 
Garth's 

son's. 
Bland's 
Garth's 

son's. 
do 


Bayon  to  Garland's  ■ 
break  to  Jeffer- 

Bayon  to  Garland's, 
break    to  Jeffer- 

Bayon  to  Garland's, 
break    to  JeAr 


•0  261 
28 

271 

$76  00 
76  00 
60  00 
60  00 
60  00 
76  00 

241 
28 

76  00 
40  00 

98 
26 

40  00 
40  00 

26 
241 

40  00 
46  00 

22 

75  00 

Embankment. 
Excavation. 
Jefferson  break. 
Beard  break. 
MoCloud  break. 


Kon.— Contracts  were  awarded  to  Timothy  Sallivan  for  levee  from  Garth's  break  to  Jeflbraon'ik  ud 
to  Arnold  A  Co.  for  levee  from  Bland's  Bayou  to  Gharland's,  their  bids  being  the  lowesl 


Work  was  pasbed  on  these  levee  repairs,  and  the  following  work  was  completed 
«nd  paid  for : 


Locality  of  levee. 


Parker'a  enlargement. .  ^ . . . 

Iiake  Charles  break 

Bland's  Bayou  to  Garland. . . 
Garth's  break  to  Jefferson's. 


Total 


Amount  of  work  done. 


Embank- 
ment. 


Oulbieynrds. 
80,822 
88,808 

44.800 
80^562 


Excavation. 


CStbic  yards, 

i,'o«i 


260.542 


1,001 


Clearing. 


Aerss. 

B   •    •    «    •  •     • 

14.30 
22  88 
45.28 


82.86 


Coat. 


$28,688  04 
11, 170  80 
12,800  25 
22,664  n 


75,116  70 


All  the  contractors  completed  their  work  before  hiffh  water,  and  final  payments 
were  made.  Since  the  completion  of  the  work  the  Tevee  has  hroken  again  at  the 
HcCloud  break,  and  should  ue  repaired. 
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SURYETS. 

A  survey  of  the  Memphis  Reach  was  completed  Febniary  21,  1883,  by  Assistant 
Engineer  F.  S.  Bnrrowes,  whose  report  (Appendix  K  3)  is  herewim  submitted. 

A  survey  of  the  Helena  Reach  ftom  Commerce  Cut-off  to  Friar's  Point  was  com- 
pleted January  37,  1883,  by  Assistant  Engineer  F.  A.  Fisher,  whose  report  is  herewith 
submitted  (Appendix  B  4). 

A  survey,  reconnaissance,  and  estimate  for  repairs  of  levees  in  the  second  district 
was  completed  by  Assistant  Engineer  Richard  Klemm,  whose  report  is  submitted 
(Appendix  K  5). 

A  low-water  survey  of  the  Memphis  Reach  was  made  in  September,  1883,  by  Mr.  H. 
8.  Jacobv,  draughtsman,  on  which  sheet  is  platted  the  shore  lines  and  present  con- 
dition of  the  work,  and  which  is  submitted  with  this  report. 

Tables  showing  detailed  statements  of  expenditure  under  each  allotment  from  appro- 
priation for  Mississippi  River  in  this  district,  also  table  showing  amount  of  plant 
purchased  for  the  M!emphis  Reach,  with  cost  of  same,  are  transmitted  herewith. 
Very  respectfully,  your  obedient  servant, 

A.  M  MILLER, 
Major,  Corp$  of  Enginoer9, 
Lieut.  Col.  C.  B.  Comstock, 

Corpo  of  Enaineer$f  United  8iaUs  Army, 

PreMent  Misai$^pi  River  Commieelon, 

List  of  floating  property  bought  for  use  at  Memphis  Reach  and  Harbor y  with  co$t  of  eame. 


Oeaoiiptloii. 


BwgM... 


Total 


Msttress-boats. 
8«rMi^bo»ts... 


Total 


Qaarter-boata. 

Do 

Do 

Do 


Total 


Pile<driv«rt 

Iffaohino-shop  boat. 
Skifb 


Total  oost. 


Ifa 


18 
8 


First  ooat. 


ai 


2 
4 


1 
1 

1 
1 


12,000  00 
1,960  00 


6,000  00 
1,600  00 


Total  cost. 


Bemftrks. 


$36,000  00 
6^880  00 


41,880  00 


12,000  00 
6,000  00 


1,980  00 
1,840  00 
2,741  00 
2,876  00 


8 

1 

80 


4,518  01 

8,50126 

22  00 


18,000  00 


1,080  00 
1,840  00 
2,741  00 
2,876  00 


8,887  00 


36,144  08 

8,50126 

660  00 


114,122  88 


$8,880  paid  prior  to  December  1, 188S* 


Non.— Oost  of  maohino-shop  boat  inolades  ontflt  of  tools. 

A.  M.  MILLER, 
Mqfor,  Corpe  of  Sngineers* 

DBTAILBD  8TATBMEKT  OF  KXPEMDITURE8  FOR  MEMPHIS  &VACH  AND  RAjtBOR. 

August      2,  1882.  Allotment 1385,000  00 

November  1,  1883.  Amount  expended  for— 

Labor... .' 60,087  73 

Material 7.763  60 

SuppUes 2,469  20 

Repairs t 1,367  53 

Outfit 5,967  82 

Assistant  engineers 5,711  67 

Clerk 1,000  00 

Stationery 160  40 
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November  1,  1883.  Amount  expended  for —       ' 

Freight * $168  85 

Traveling  expenses 222  83 

Office  rent 181  00 

Fuel 497  80 

Telegrams 1163 

Subsistence 16,181  93 

Hire  of  plant 3,198  91 

Total 105,890  80 

A.  M.  MILLER, 
•  Major^  Corp$  of  Engineers. 

DBTAILBD     STATEMEKT    OF     BXPBNDITURBS    FOR    CONSTRUCTION    AND     REPAIR    OF 

LEVEES,  TAZOO  FRONT. 

August  2,  1882.    Allotment $80,950  00 


November  1,  1883.    Amount  expended  for — 

Earthwork 75,116  70 

Labor 1,499  33 

Material 138  00 

Supplies 3  30 

Outfit 8  75 

Assistant  engineers 1, 600  00 

Clerk 175  00 

Inspector 600  00 

Stationery 8  25 

Traveling  expenses 267  95 

Office  rent  and  quarters 108  50 

Telesrams 50  41 

Subsistence 36  00 

Advertising  and  printing 220  06 

Total 79,832  25 

A.  M.  MILLER, 
Major,  Corps  of  Engineers. 

DETAII^BD  STATEMENT  OF  EXPENDITURES  FOR  SURVEY  OF  THE  HELENA  REACB. 

August 2;  1882.    Allotment $8,000  00 

November  1, 1883.    Amount  expended  for— 

Labor $3,635  66 

Material 41  08 

Supplies 58  66 

Repairs 6  00 

Outfit 607  65 

Assistant  engineer 1.205  00 

Clerk .-.  175  00 

Draughtsman 750  00 

Stationery 18  85 

Freight 29  65 

Office  rent  and  quarters 193  00 

Subsistence 562  74 

Hire  of  plant-... 228  00 

Total 7,511  29 

A.  M.  MILLER, 

Major,  Corps  of  Engineers. 
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DBTAILBD  STATBMBUT  OF  BXPENDITUBB8  FOE  SURVEY  OF  SAINT  FRANCIS  FRONT. 

August  2, 1882.    Allotment $4,000  00 

NoTember  1, 1883.    Amount  expended  for — 

Labor 1670  50 

Supplies 61  34 

Outfit.... 590  00 

Assietftnt  engineer 880  00 

Clerk 300  00 

Stationery 19  75 

Freight -•- 93  17 

Traveling  expenses 106  50 

Office  rent 66  00 

Subsistence 305  67 

Hireof  plant 120  00 

Total $3,212  93 

A.  M.  MII4L1ER1 
Major f  OcrpM  of  Enffinoen. 
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rbport  of  j08rph  burnby,  assistant  bnoinbeb,  on  opbrations  for  ibtproviko 

thb  harbor  of  memphis. 

Ukitxd  States  Engineer  Office, 

MompkiB,  Taim.y  JunsZO,  1883. 

Major  :  I  have  the  honor  to  submit  m^  annual  report  of  operations  for  improTing 
Memphis  Rirer  Front,  for  the  year  ending  June  30, 1883.  1  was  instructed  by  you 
to  taKe  local  charge  of  the  work  in  October,  1882.  An  examination  of  the  mattress 
work  under  water  was  made  by  an  experienced  diver,  and  the  mattress  work  was 
found  in  a  fair  condition,  from  the  mouth  of  Wolf  River  to  the  foot  of  Jefferson 
Street,  with  the  exception  of  portions  of  the  front  near  the  cotton-shed,  Panola  oil 
mill,  and  Messrs.  Brown  A  Jones'  coal-yard.  Considerable  difficulty  had  been  found 
with  this  portion  of  the  bank,  on  account  of  the  numerous  springs  and  public  and 
private  dndns  keeping  the  bank  continually  wet  and  very  susceptible  to  wash  away 
by  the  steamboat  waves. 

In  submitting  a  project,  it  was  recommended  that  this  portion  of  the  bank  should 
be  repaired  by  mattress  work,  and  the  whole  of  the  upper  bank,  from  Wolf  River  to 
the  elevator,  be  graded  to  a  slope  of  3  to  1,  where  it  could  be  done  without  injury  to 
the  property  on  the  bank,  and  the  bank  thorooghlv  drained,  the  drains  being  car- 
ried out  to  extreme  low  water.  It  wao  estimate  that  this  work  would  cost  9%,000. 
October  18, 1882,  active  operations  commenced ;  the  tug  Tilda  was  chartered,  the 
quarter-boat  fitted  up,  and  a  working  party  sent  about  25  miles  up  the  river  to  obtain 
Cottonwood,  poles  and  willow  brush.  Mattress- ways  and  workmen's  quarters  were 
constructed  near  the  foot  of  Old  Hen  Island,  and  on  October  28  the  first  mattress  was 
sunk  in  front  of  the  lower  landing  of  the  cotton-shed.  Two  mats  were  sunk  at  this 
location ;  three  in  front  of  the  Panola  oil  mills ;  thirteen  were  sunk  from  Brown  A, 
Jones'  coal-yard  to  the  elevator,  and,  by  request  of  the  city  authorities,  two  were 
sunk  in  front  of  Court  street.    Each  of  the  mats  sunk  was  120  by  60  by  2  feet. 

Experience  in  the  work  shows  that  it  is  much  better  to  reduce  the  thickness  of 
mattress  and  j^reatly  increase  it  in  length  and  breadth;  but  on  this  portion  of  the 
river  front  this  cannot  be  donei  for  it  requires  the  taking  possession  ot  a  large  por- 
tion of  the  river  front  and  holding  it  for  some  time,  thus  preventing  the  steamboats 
from  using  the  bank  for  a  landing.  We  are  generally  at  work  during  the  busy  season, 
and  steamboat-owners  will  not  permit  us  to  keep  them  from  the  bank,  nor  will  the 
city  authorities  give  us  possession  of  it.  We  are  compelled  to  construct  our  mats  some 
distance  up  the  river,  float  them  down  to  their  position,  and  sink  them.  This  does 
not  interfere  much  with  the  steamboats,  but  it  is  a  very  great  inconvenience  and 
expense  to  the  work,  and  the  bank  protected  is  not  done  in  such  a  substantial  man- 
ner as  if  the  matresses  were  constructed  in  long  lengths  in  the  location  where  they 
are  to  be  sunk. 

After  the  mattresses  were  all  sunk,  work  was  commenced  grading  the  bank ;  this 
work  was  intended  to  be  done  with  the  steam  hydraulic  grader;  but,  in  consequence 
of  the  nnm1>er  of  steamboats  and  other  floating  propeH;y  nsing  the  bank  and  the 
number  of  buildings  upon  it,  it  would  h}ive  been  very  inconvenient  and  attended 
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with  difficulty ;  so  yoa  directed  the  wark  shoald  be  done  by  laborers  with  pick  and 
«hoYeL  This  is  very  expensive,  as  the  earth  has  to  be  handled  so  pf ten  to  get  it  into 
the  river.  Fortunately,  the  river  commenced  rising  and  we  just  kept  our  work  above 
It,  which  did  not  require  so  much  labor  as  if  the  water  had  been  at  a  low  stage. 

After  grading  the  bank  we  connected  alt  the  public  and  private  drains  and  carried 
^em  out  to  low  water  by  means  of  wooden  culverts.  We  then  laid  wire  upon  the 
traded  bank,  6  feet  apart  along  the  river  bank,  and  6  feet  apart  up  the  bank ;  upon 
this  wire  we  placed  willow  brush  6  inches  thick,  and  then,  on  top  of  brush,  we  placed 
wire  same  as  below,  and  secured  same  to  the  lower  Hue  of  wire  by  connecting  wires, 
through  the  brush,  so  that  along  the  upper  bank  it  formed  one  large  mattress. 

This  work  was  done  from  the  mouth  of  Wolf  River  to  the  elevator,  with  the  excep- 
tion of  a  portion  of  the  bank  in  navy-yard,  243  by  32  feet,  and  a  portion,  900  by  30 
feet,  in  front  of  Brown  A  Jones'  coal-yard.  After  the  willows  were  secured  to  the 
bank  they  were  well  ballasted  with  stone,  sand-bags  and  earthwork.  This  com- 
pleted the  work  in  a  substantial  manner,  with  the  exception  of  the  work  noted  and 
within  the  amount  estimated. 

Operations  were  suspended  February,  1883,  and  the  plant  and  outfit  tnmed  over  to 
the  Hopefield  Bend  works. 

During  the  time  we  were  at  work  we  had  very  fSavorable  weather  and  the  river  was 
m%  a  good  working  stage ;  but  we  had  considerable  trouble  to  contend  with,  for  want 
<of  a  sufficient  number  of  flat-boats,  and  considerable  delay  was  experienced  for  want 
-of  stone. 

Immediately  after  the  suspension  of  operations  the  river  rose  and  covered  the  whole 
•of  the  work,  the  gause  reading  34.75.  Snortly  afterwards  the  water  fell  to  18.20,  when 
an  examination  of  the  bank  was  made  and  the  work  was  all  fonnd  to  be  in  good  condi- 
tion, not  the  slighest  sign  of  a  break  or  crack  in  the  bank  appearing. 

SUMMARY  OF  WORK  DONE  DURING  BSAION. 

20  mattresses  sunk,  120  by  60  by  2  feet. 
6, 273  square  yards  of  willow  brush  shore  protection. 
13, 700  cubic  vards  of  excavation  on  bank. 

3(i2  feet  of  wooden  culverts,  2  by  2  feet,  built. 

AMOUNT  OF  MATBRIAL  BXPBNDXD. 

2, 886  cords  of  willow  brush. 
<5, 050  cords  of  cotton  wood  poles. 

700  oak  pins,  4  feet  long  by  1  inch  diameter. 
12, 100  oak  pins,  1  foot  long  by  finch  diameter. 
a,  7aO-i  incn  carriage  bolts. 
'2, 900  pounds  wire. 
850  pounds  rope. 
1, 086  cubic  yards  stone. 
200  sand-bags. 
85  cubic  vards  cypress  bark. 
■3, 164  feet  of  cypress  lumber. 
72  feet  of  6-ineh  stone  pipe. 

I  have  the  honor  to  remain,  very  respectfully, 

JOSEPH  BURNET, 
A99Uiani  Engineer, 
Mi^.  A.  M.  MlLLKR, 

Corpe  0/  Engineertj  V,  8,  A. 

'  K2. 

skport  of  w.  m.  rbk8,  assistant  bnginebr,  upon  improvbmbnt  of  mis8is8ippx 

river  at  hopbfirld  bbno. 

Unitbd  Statbs  Enoinxrb  Office, 

MemphUf  Temn,,  N&vember  1,  1883. 

Major  :  In  accordance  with  your  verbal  instructions,  I  have  the  honor  to  submit  a 
report  of  operations  for  the  improvement  of  the  Mississippi  River  at  Hopefield  Bend, 
Memphis  Imch,  from  December  1,  1882,  to  October  31.  1863. 

The  object  of  tbis  work  is  to  prevent  the  caving  or  the  bank,  now  rapidly  taking 
place,  and  which  threatens  i^Jur^  to  the  harbor  oi  Memphis. 

A  comparison  of  the  survey  of  September,  1883,  with  tnat  of  December,  1877,  shows 
-that  the  bank  in  the  middle  of  the  bend  has  receded  1,500  feet.  From  Auffust,  1882, 
-to  September,  1883,  the  caving  was  300  feet  in  the  middle  of  the  bend,  and  near  the 
foot,  Just  above  Hopefield,  It  was  450  feet.  The  distance  across  the  neck  of  land  to 
the  river  below  is  now  about  13,000  feet.  To  arrest  this  caving  the  project  is  to  revet 
the  bank  with  bm^h  mattresse**,  these  mattresses  to  cover  the  bank  from  the  foot  of 
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the  slope  to  or  near  the  top,  and  to  be  held  in  place  by  stone  evenly  distHbated  over 
them. 

The  method  of  operations  comprised  three  parts : 

1st.  The  revetment  of  that  portion  of  the  bank  below  the  water  surface  called  deep* 
water  mattresses. 

2d.  The  revetment  of  the  bank  above  the  water  sarface,  called  shore  protection. 

3d.  The  grading  of  the  bank  above  the  water  surface  to  a  snitable  slope  to  receive- 
the  shore  protection. 

Methods  of  Construction. 

dbbp-watbr  mattrb88bb. 

These  were  built  on  a  mattress  barge,  160  feet  long  bv  30  feet  wide,  upon  which 
were  placed  18  skids  or  runways,  8  feet  apart,  these  skids  having  an  inclination  of  3- 
inches  to  one  foot. 

The  mattresses  made,  were  the  ordinary  wattled  kind,  of  brush  and  poles^  similar  to 
those  used  at  the  works  below  Saint  Louis,  Mo.,  and  at  Plum  Point,  having  cotton- 
wood  or  willow  poles  28  to  28  feet  Ions,  of  diameters  not  less  than  3  inches  at  the 
smaller  end,  nor  more  than  6  inches  at  the  larger,  with  brush  nut  less  than  24  feet  long 
and  two  inches  in  diameter  at  the  butts. 

The  poles  were  well  spliced  together  with  spikes  and  wire,  one  pole  being  plaoed 
alongside  each  skid.  Around  these  poles,  or  weaveis,  the  brush  was  woven  and  se- 
cured by  nails  and  wire.  As  these  mattresses  were  to  be  sunk  in  deep  water,  from  AO 
to  70  feet  deep,  and  in  a  strong  current,  other  poles,  called  binders,  were  placed  over 
the  weaving  poles,  well  wired  to  them  and  spliced  together.  These  strengthened  the^ 
mattress  longitudinally  and  prevented  the  stone  from  rolling  off  when  sunk. 

When  short  brush  was  useid,  in  order  to  strengthen  the  mattress  transversely,  poles- 
were  placed  in  the  direction  of  the  brush,  over  the  top  longitudinals,  and  wired  to  tnem,. 
and  the  weaving  poles  at  their  intersections.  They  were  spaced  from  8  to  40  feet 
apart  according  to  circumstances. 

The  up-river  end  of  the  mattress  was  held  to  a  mooring  bargo  by  ten  1-inoh  di- 
ameter ropes.    Two  ropes  1-^  or  2  inches  in  diameter  were  securely  fastened  to  th» 
mattress  by  means  of  a  pin  and  shackle  and  led  to  "dead-men''  or  trees  on  shore; 
both  ropes  passed  under  the  mooring  barge,  which  was  also  secured  by  two  or  more- 
large  lines  leading  to  the  shore. 

On  sinking,  a  barge  of  stone  was  plaoed  along  the  outer  edge  of  the  mattress^ 
run-ways  of  plank  were  placed  from  this,  on  and  over  the  mattress,  and  the  stono 
evenly  distributed  thereon.  About  half  of  the  stone  used  on  the  mattress  was  placed 
in  this  manner.  More  stone  from  the  mooring  barge  was  then  thrown  on  the  upper 
end ;  when  a  considerable  strain  was  produced  on  the  small  lines  attached  to  the 
mooring  barge,  they  were  slacked  and  the  mattress  allowed  slowly  to  sink ;  this  waa 
repeated  until  the  upper  end  reached  the  bottom,  then  a  rock  barge  was  swung  over 
the  mattress,  being  guided  by  lines  held  on  the  mooring  barge  and  on  the  shore,  and 
stone  thrown  on  until  it  sank,  care  being  taken  to  distribute  the  stone  evenly. 

The  organization  of  the  mattress  party  is  as  follows:  one  sub-overseer  in  charge, 
three  master-laborers  having  charge  of  me  three  divisions  of  work,  viz.,  at  each  end 
and  in  the  middle  of  the  mattress  barge.  Each  gang  consists  of  one  patcher,  one 
mauler,  four  weavers,  five  platform  men,  and  three  nrush  men;  fourteen  In  all. 

The  brush  men  stand  on  the  barge  of  brush  which  is  lashed  alongside  of  and  below 
the  mattress  barge,  and  pass  the  brush  to  the  platform  men,  who  place  it  in  position 
on  top  of  the  ways,  then  the  weavers  push  it  down  into  place,  where  it  is  firmly  drlvei» 
by  the  mauler.  The  patcher  repairs  any  openings  left  in  the  mattress  after  weaving. 
Tive  wire  men  are  employed  on  the  mattress  to  put  on  binders  and  ctoes  poles;  one- 
water  carrier  is  employed.    The  total  force,  including  everybody,  being  52  men« 

UPPER  BANK  RBVBTMBNT. 

This  was  constructed  as  follows:  Alter  the  bank  was  graded  to  the  proper  slope r 
strong  stakes  were  firmly  driven  In  the  ground,  about  8  feet  apart  longitudinally  and 
from  4  to  8  feet  apart  transversely  to  the  bank.  A  No.  6  wire  was  then  plaoed  aronnd 
the  stakes  longitudinally,  their  distance  apart  being  8  feet.  Around  this  wire,  at 
each  stake,  a  No.  12  wire  was  placed  and  twihted  around  the  stakes  so  that  the  enda 
oonld  be  had  after  brush  was  placed  in  position ;  this  was  to  be  used  to  tie  the  to|^ 
and  bottom  wires  together,  thus  holding  the  brush  in  place. 

A  layer  of  brush  was  now  placed  on  the  bank  transversely,  the  butts  up  the  bank 
and  the  tops  overlapping  the  "deep-water  mattress.''  On  top  of  this  a  longitudinal 
layer  was  placed,  and  over  all  a  No,  8  wire  was  stretched  transversely,  at  every  & 
f<6et;  this  was  tied  to  the  "deep-water  mattress"  and  also  to  the  bottom  wire  at  eao^ 
point  of  intersection.  The  whole  was  then  well  covered  with  stone.  Whenever  the 
"deep-water  mattress"  could  not  be  Joined  to  the  upper  bank  revetment  a  foot-mat> 
tress  was  built  to  cover  the  space ;  this  was  constructed  on  a  small  screen  barge,  and 
iraa  similar  to  the  large  mattress  already  described. 
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GRADING. 

Id  order  to  revet  the  bank  above  the  low-water  line  it  was  necessary  to  grade  it  Uy 
a  suitable  slope  for  holding  the  brush  and  stone.  During  the  first  part  of  the  work,. 
fit>m  December  21, 1882,  to  January  31,  1883, 1  used  for  this  purpose  hydraulic  grader 
No.  2  of  the  Mississippi  River  Commission.  This  was  loaned  us  by  Capt.  J.  G.  D> 
Knight,  of  Plum  Point,  and  was  returned  to  him  shortly  after  the  high  water  closed 
our  work.  Before  again  resuming  work,  August  6.  18^,  we  obtained  a  small  pump- 
boat  from  Capt.  W.  L.  Marshall,  of  Vicksburg,  Miss.,  and  with  the  latter,  work  is 
now  being  done.    Both  will  be  described. 

Hydraulic  grader  No.  2  consists  of  a  duplex  compound  condensing  plunger  pump- 
built  by  the  Dean  Pump  Company  of  HolyoKe,  Mass.  The  dimensions  are  as  follows  r 
Diameter  of  low-pressure  cylinder,  36  inches;  of  hi^h-pressure  cylinders,  18  inches; 
diameter  of  pinners,  16  inches ;  length  of  stroke,  24  inches.  The  stroke  is  adjustable- 
and  in  our  practice  was  kept  at  about  23  inches.  The  piston  speed  averaged  61^  feet 
per  minute,  giving  a  theoretical  discharge  of  1,280  gallons  of  water  per  minute.  Thia 
pump,  together  with  three  steel  boilers  of  40  horse-power  each,  was  placed  on  a  ba^» 
130  by  30  by  6  feet,  which  contains  sleeping  quarters  for  30  men.  Attached  to  the  de- 
livery pipes  of  the  pump  is  a  boom  65  feet  long,  made  of  lap- welded  wrought-iroD 
tubes,  Joined  with  cast-iron  connections,  and  having  openings  at  various  points  to 
which  hose  can  be  attached.  This  boom,  with  a  double  sta|[e,  overhangs  one  end  of 
the  barge^  and  can  be  raised  or  lowered  by  a  hoisting  engine  on  deck.  When  in 
position  for  work  the  boat  was  held  nearly  at  right  angles  to  the  bank,  with  the- 
stage  resting  on  the  bank.  The  grader  had  not  been  run  before  we  received  it,  and^ 
like  most  new  machinery  of  large  size,  some  time  was  lost  in  limbering  it  up  so  as  to> 
work  smoothly.  Delay  was  also  caused  by  some  imperfections  in  the  machinery,  and 
its  erection,  resulting  in  the  breaking  of  a  guide-arm  to  slide-valve  rod,  the  piston 
rod,  and  afterwards  tappet  arm  of  condensing  pump;  in  the  settling  of  the  founda- 
tions of  large  pumps,  necessitating  the  building  under  them  of  two  additional  bulk- 
heads; and  in  the  small  drift  getting  under  the  pump  valves,  thus  destroying  the^ 
suction.  The  latter  was  the  principaicause  of  lost  time,  but  the  trouble  was  finally 
remedied  by  jplacing  very  fine  screens  over  the  ends  of  suction  pipes. 

The  organization  of  the  party  for  this  grader  was  as  follows:  1  assistant  engineer 
in  charge,  2  steam  engineers,  2  firemen,  1  foreman,  3  nozzlemeU;  3  deck-hands,  1  cook,. 
1  cabin  boy ;  fourteen  men  in  ail. 

Owing  to  the  wet  and  dirty  work,  the  foreman  and  nozzlemen  were  provided  with 
waterproof  suits  complete,  including  caps,  boots,  and  gloves. 

The  nozzle  was  supported  upon  a  stand  consisting  of  a  piece  of  gas-pipe  firmly 
driven  into  the  ground,  and  weU  braced.  To  it  was  attached  a  piece  of  round  iron^ 
about  one  foot  long,  which  passed  into  the  pipe.  This  formed  a  universal  swivel,, 
the  whole  arrangement  bein^  light  and  quickly  removable.  A  long  lever,  damped 
to  the  nozzle,  rendered  its  direction  easy,  so  that  a  large  streanr  was  manipulated 
with  about  the  same  facility  as  a  small  one. 

In  working,  the  nozzle  was  held  as  near  to  the  bank  as  practicable,  and  the  stream 
directed  against  it  at  angles  varving  from  45°  to  nearly  90°.  The  top  part  of  the 
bank  was  cut  first,  so  as  to  allow  the  water  to  always  fiow  alons  the  face  of  the  out. 
After  a  short  experience  the  nozzlemen  had  no  trouble  in  holding  the  face.  The 
materia]  of  the  bank  was  hard  blue  clay  and  buckshot,  interspersed  with  layers  of" 
softer  material  and  sand,  causing  the  banks  to  cave  in  steps. 

Three  sizes  of  nozzles  2,  If,  and  li  inch  diameters  were  used,  and  two  sizes  of  hose,, 
viz,  4  and  2^  inches  diameters. 

After  repeated  trials  it  was  found  to  be  best  practice,  in  the  hard  material  worked,, 
to  use  large  nozzles,  large  hose,  and  but  one  stream.  The  water  pressure  at  pump 
was  held  at  from  135  to  140  pounds  per  inch.  I  think  better  results  could  be  obtained 
by  using  still  larger  nozzles,  as  2^  to  2i  inches  diameter.  Experience  in  softer  ma- 
terials and  sand  snows  best  results  from  smaller  nozzles  and  two  streams. 

The  grader  now  used  consists  of  a  Dayton  cam  piston  pump  of  the  following  di- 
mensions : 

IimIms. 

Diameter  of  steam  cylinder 16^- 

Diameter  of  water  cylinder 9 

Length  of  stroke 18 

Supplied  by  a  boiler  of  dimensions  as  follows :  20  feet  long,  42  inches  diameter  or 
shell,  having  two  14- inch  fines.  The  whole  is  mounted  on  a  barge  100  by  16  by  3f 
feet.  The  suction  pipe  is  6  inches  in  diameter,  and  the  discharge  is  through  from  106 
to  150  feet  of  3-inch  six-ply  test  hose,  with  nozzle  of  I^  to  If  inch  diameters,  the 
larger  nozzle  giving  at  date  the  best  results.  The  theoretical  discharge  is  at  date 
396gallons  per  minute,  the  speed  being  80  single  strokes. 

The  party  operating  this  grader  is  as  follows :  One  steam  engineer,  one  foreman,  one^ 
fireman,  three  nozzlemen,  and  one  deck-hand ;  seven  in  alL 
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Daring  the  month  of  September,  1883, 1  was  obliged  to  keep  water  pressare  down 
on  aooonnt  of  the  inferior  quality  of  the  hooe;  since  then,  with  new  6»ply  test  hoae,  I 
have  had  on  the  pump  a  preaenre  of  340  ponnds  to  the  inch. 

With  grader  No.  2  the  slope  cut  was  3  to  1  from  the  water  edge  to  the  top  of  the 
bank.  As  the  working  capacity  of  the  small  grader  was  so  much  less,  I  have  been 
obliged  to  grade  to  a  greater  slope,  vias,  2  to  1  and  2^  to  1,  being  governed  by  natnre 
of  material,  quantity  to  be  removed,  d&c.,  and  also  to  leave  a  vertical  face,  varying 
with  the  material,  of  from  6  to  12  feet.  Under  the  head  of  ''work  done"  wiU  be 
£iund  tables  of  results  obtained  with  both  graders. 

WORK  DONB  TO  KOVBMBER  1,  1883. 

Preparations  for  commencing  the  work  were  made  on  December  6, 1862,  by  erecting 
onarters  for  tbe  accommodation  of  100  laborers,  npon  the  bank  near  the  upper  end  of 
tne  work,  and  by  eroploving  a  small  force  to  clear  tbe  bank  of  timber  and  brush. 
The  entire  length  of  tne  bend,  a  distance  of  over  two  miles,  was  cleared  to  an  average 
width  of  75  feet.  Many  large  trees  had  fallen  over  the  bank  into  the  water,  thus 
forming  obstructions  to  the  placing  of  mattresses.  Tour  attention  being  called  to 
this,  you  obtained  the  United  States  snag-boat  H.  G.  Wright  to  remove  them. 
Between  December  7  and  14,  18H2,  she  cleared  about  i  mile  of  the  bend. 

On  December  8,  the  steamer  Emma  Etheridge  delivered  the  following  plant: 
Hydraulic  grader  No.  2,  two  mattress  boats,  one  machine-shop  boat,  one  screen-boat, 
and  one  barge  of  coal. 

Preparations  were  at  once  made  to  start  the  grading,  which  was  begun  on  Decern* 
ber  21,  at  which  date,  the  quarters  being  finished,  I  commenced  subsisting  the  men. 
Owing  to  the  non*arrival  of  barges  and  quarter-boats  for  the  brush  party,  the  work 
of  buudiuff  mattresses  was  not  begun  until  January  16, 18H3,  at  which  date  Assistant 
Engineer  Joseph  Bumey,  who  had  charge  of  the  work  of  protecting  Memphis  Har- 
bor, commenced  supplying  me  with  brush.  I  obtained  poles  firom  bank  clearing, 
4Mid  others  by  sending  a  party  several  miles  up  the  river,  they  returning  to  the  works 
at  night. 

From  December  29,  1882,  to  January  15, 1883,  the  United  States  snag-boat  Jno.  R. 
Meigs  was  employed  to  tow  willows,  &c.,  to  the  works.  At  the  latter  aate  the  char- 
tered tow-boat  H.  M.  Graham  arrived  and  took  the  place  of  the  Meigs, 

MATTBB88  CONSTRUCTION. 

The  construction  of  "deep-water  mattress"  was  begun  at  Mound  City  fenr-boat 
landing  on  January  16, 1883,  and  continued  until  February  10;  during  which  time 
1,127  luieal  flMt  of  mattress,  140  Ibet  wide,  was  constructed  and  sunk;  194  by  25  foot 
of  foot-mattress  and  194  by  16  feet  of  shore-protection  were  also  completed. 

The  mattresses  sunk  were  fbur  in  number  and  th>m  266  to  298  feet  long ;  it  being 
oonsidered  advisable  to  make  short  mattresses,  on  account  of  the  rapidly-rising  water 
and  the  great  amount  of  drift  running,  much  of  which  lodged  against  the  mooring 
barge  ana  caused  a  very  heavy  strain  on  the  lines  attached  to  it  and  to  the  mattreas. 
iThe  intention  was  to  lap  the  mattresses  by  about  15  feet ;  but  when  sunk,  owing  to 
the  drift  pressure,  gaps  of  this  distance  were  found  in  two  places  instead  of  lapa. 
There  was  used  in  tne  construction  of  the  above  840.5  cotds  of  brush,  105  cords  of 
4M>les,  2,534  pounds  of  wire,  80  pounds  of  rope,  1,950  pounds  of  wrought  spikes,  200 
pounds  naiis,  585  cubic  yards  or  stone,  and  4,900  gunny-sacks.  The  latter  were  used 
to  sink  mattress  No.  3,  which  was  29H  by  140  feet  in  sise ;  each  sack  was  filled  with 
about  120  pounds  of  buckshot  clay,  the  total  weight  being  equivalent  to  the  weight 
of  214  cubic  yards  of  stone.  They  cost  when  filled  and  loaded  on  barges  about  9 
oents  each. 

The  depth  of  water  in  which  mattresses  were  sunk  was  ftom  40  to  70  feet. 

Doring  the  first  ten  days  in  February,  1883,  the  work  was  much  retarded  by  bad 
weather.  The  water  having  risen  ftom  7.50  feet  on  the  Memphis  gauge  on  January 
16,  to  23.30  feet  on  February  10,  work  was  suspended  on  the  latter  date,  the  water 
t>eing  then  on  a  level  with  the  bank  upon  which  quarters  were  located,  and  necessi- 
tating their  removal. 

The  grading  of  the  bank  was  begun  December  21, 1882,  and  continned  until  Jannaty 
31 ,  188^  when  work  was  suspended  on  account  of  high  water.  During  this  time  there 
was  graded  1,793  linear  feet  of  bank ;  42,ii87  cubic  yards  of  earth  removed,  at  a  coat 
of  94  cents  per  linear  foot,  or  4.03  cents  per  cubic  yard.  Table  I,  annexed  to  this 
report,  will  show  in  detail  the  work  done. 

On  February  28,  the  tow-boat  H.  M.  Graham  was  taken  to  Cairo. 

From  February  10  to  August  6,  1883.  no  construction  work  was  done,  the  water 
1>einff  too  high.  During  this  time  a  small  force  of  mechanics  were  employed  in  get- 
ting oarges,  qnarter-boats,  d&c,  in  readiness  for  this  season's  work. 

On  July  15, 1  received  your  verbal  orders  to  prepare  to  resume  work.  The  tow- 
boat  Graham  arrived  on  the  17th  and  was  put  in  commission  on  the  20th. 

A  quarter-boat  for  brush  piirty  wa^  at  once  flttprl  np  and  tnmt*d  hvit  to  Joseph 
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Barney,  United  States  Assistant  Engineer.  This  party  began  work  July  26,  on  Dean's 
Island,  aboat  85  miles  above.  I  received  fh>m  them  the  hrst  barge  of  brash  on  Ang- 
Dst  2,  and  began  the  constrnction  of  mattresses  on  August  6.  After  constructing  4% 
linear  feet  of  mattress  I  deemed  it  expedient  to  sink  it,  as  considerable  drift  ha^  ac- 
cumulated above  the  mooring  barge,  and  much  of  it  was  getting  under  the  mattress. 
Subsequently  lengths  of  mattresses  were  increased  to  900  and  1,000  feet.  No  trouble 
being  met  in  sinking  mattresses  of  this  length,  it  was  decided  (September  29)  to  oon- 
etruct  continuous  mattresses.  The  mattress  now  being  built  is  2,150  long,  1,580  feet 
of  which  has  l^een  sunk.  No  trouble  whatever  has  been  met  in  sinking  part  of  the 
mattress  and  keeping  part  afloat,  nor  do  I  apprehend  any  except  from  drift,  in  which 
case  mattresses  will  nave  to  be  broken  off  and  sunk  when  the  drift  causes  excessive 
atrain. 

One  willow  party  being  insufficient  to  supply  us,  quarters  for  70  men  were  erected 
on  a  barge,  and  a  second  party  sent  out  on  September  17.  The  water  being  too  low 
for  the  tow-boat,  both  parties  were  withdrawn  from  Old  River,  west  of  Centennial 
Island,  on  September  24,  and  placed  in  the  main  river,  where  brush  was  scarce,  and 
at  a  great  distance  from  the  river. 

By  October  15  the  river  rose  sufficiently  to  permit  entrance  to  Old  BiTer,  and  both 
brush  parties  were  moved  there. 

Being  short  of  brush,  I  organized  a  third  party,  and  placed  them  on  ''Old  Hen 
Island,'' Just  opposite  the  work.  They  are  supplying  at  date  60  cords  per  day,  our 
total  requirements  being  about  200  cords  per  day. 

Owiuff  to  short  supply  of  brush,  no  shore  work  was  done  until  October  2,  although 
a  considerable  portion  of  the  bank  had  been  staked  out  and  wired  ready  to  have  the 
brush  placed  In  position. 

On  August  17  the  snag-boat  John  B.  Meigs  began  work  in  clearing  the  bend  of 
snai^.  She  finished  on  October  11,  having  removed  five  hundred  and  forty-one 
snags  and  ten  rack  heaps.    Two  men  were  lost  by  falling  overboard. 

On  September  24  a  small  flat,  loaded  with  600  bushels  of  coal,  was  stmdk  by  a  large 
drift  log  and  sunk. 

The  following  tables  will  show  you  the  work  done  in  detail: 

Tablb  Ko.  1— HTDBAITLIO  GBADEB  No.  2. 
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Rl^SUM^  OF  ORADBR  WORK. 

Linear  feet  of  bank  graded 7,873 

Cubic  yards  of  earth  removed 07,S42 

Cost  per  linear  foot 10.334 

Coet  |>er  cubic  yiinl 0.038 
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Mattress  work  done  is  as  follows : 

Mattress  No.  1,  sank  January  23,  188:) Sde'xUO" 

Mattress  No. 2,  sunk  January  «7,  188;i 27r>'xl40' 

Mattress  No.  3,  sunk  February  3,  1883 2d8'Xl4(H 

Mattress  No.  4, sunk  February  10,  1883 256'Xl40' 

Mattress  No. 5, sunk  August  11,  1883 493'Xl40' 

Mattress  No. 6,  sunk  Angust  23, 1883 SSCxWC 

Mattre^  No.  7,  sunk  September  4,  1883 952^x140' 

Mattress  No.  8, sunk  September  15,  1883 925'Xl4(K 

Mattress  No.  9,  sunk  September  28,  1883 1032'Xl40' 

MattressNo.  10,  snnk  October 23, 1883 1580'Xl40' 

Mattress  No.  10y» afloat 570'xl40' 


1127' X 140' 


6402' X 140' 


Total  amount  of  deep  mattress  made 7529'Xl40' 

Total  amount  of  deep  mattress  sunk e959'Xl40' 

In  addition  to  this  there  was  made  and  snnk  a  mattress  100  by  300  feet  to  cover  a 
cave  in  bank  between  mattresses  Nos.  3  and  4,  due  to  their  not  lapping. 

At  date  (November  1)  6,700  linear  feet  of  bank  is  covered  by  'Meep-water  mat- 
tresses/' and  4,100  linear  feet  by  '<  upper-bank  protection."  The  total  revetment  is 
120,918  square  yards. 

In  preparing  for  work,  the  following  (mostly  heavy)  timber  was  cleared  from  the 

bank: 

Acores. 

Fiom  December,  188-2,  to  February,  1883 : 16 

From  August,  1883,  to  November  1,1883 9 

Total  clearing : 25 

Table  showing  tHaterial  UMd  in  oanstructUm. 
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s 

.a 
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& 
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41fi.0 

24,788.0 

617.0 

18.0 

4.788LO 


I  have  on  hand  the  following  plant,  viz : 

One  quarter  boat,  130  by  25  feet,  capacity  180  men. 

One  quarter-boat,  100  by  20  feet  (double-decked),  capacity  120  men. 

One  quarter-boat,  90  by  20  feet,  capacity  60  men. 

One  quarter-boat,  82  by  18  feet,  capacity  80  men. 

One  quart«r-boat,  80  by  18  feet,  capacity  24  men. 

One  quarter-boat,  00  by  16  feet,  capacity  30  men. 

Five  small  flats  used  in  construction. 

Four  screen-barges,  100  by  25  feet. 

Two  mattress-ways,  160  by  30  feet. 

One  hydraulic  grader-boat,  100  by  16  feet. 

One  machine  shop,  130  by  24  feet. 

One  decked  barge,  130  by  24  feet. 

Twenty-three  decked  barges,  100  by  25  feet. 


One  decked  barge,  100  by  18  feet. 
Thirtv-nine  skiffs. 

very  respectfully,  your  obedient  servant, 


Hflj.  A.  M.  MiLLKR, 

Corp8  of  EnginferSf  U.  5.  A* 


W.  M.  BEES. 
United  Statea  AstUtant  Snglneor. 
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K3. 

RBPORT  or  F.  8.  Bt}RROWB8,  ABSIBTAKT  BNOINSBR,  UPON  A  SURVEY  OF  THE  MIS8U- 

8ippi  river  in  the  vicinity  of  memphis. 

United  States  Engineer  Office, 

MempkU,  Tenn.y  Mareh  12, 1883. 

Captain  :  I  have  the  honor  to  submit  the  following  report  opon  the  survey  of  the 
Mississippi  River,  in  the  vicinity  of  Memphis,  made  under  your  instructions  during 
the  past  year. 

The  survey  was  begun  May  5,  1882,  under  the  direction  of  your  predecessor,  M%j. 
W.  H.  H.  Benyaurd,  Corps  of  Engineers,  United  States  Army,  and  a^that  time  was 
intended  to  include  only  that  portion  of  the  rirer  from  Mound  City  Landing  to  the 
head  of  President's  Island,  a  distance  of  7  miles.  Ten  days  after  field  work  was  dis- 
continued, for  the  time  being,  on  account  of  high  water,  and,  owing  to  the  long  con- 
tinuance of  the  same,  was  not  recommenced  until  by  your  orders,  on  Anj^ust  1.  The 
work  on  this  portion  was  then  pushed  slowly  forward ;  the  party  consisting  of  myself 
and  three  men  only,  as  on  account  of  a  lack  of  funds  available  at  that  time  economy 
was  necessary. 

In  the  latter  part  of  August,  as  yon  were  informed  that  an  allotment  had  been  made 
for  the  completion  of  the  survey,  the  party  was  increased  by  the  addition  of  a  transit- 
man  and  several  skiffmeu,  and  the  work  further  facilitated  by  the  use  of  the  steam- 
launch  Daphne. 

About  the  time  of  the  completion  of  the  survey,  as  originally  projected,  I  received 
your  orders  to  continue  it  up  the  river  to  the  foot  of  Island  No.  40,  an  additional  dis- 
tance of  7^  miles,  and  soon  afterwards  received  your  further  instructions  to  extend  it 
down  the  river  to  Scanlau's  Landing,  a  distance  of  1!>|  miles,  making  a  total  length  of 
survey  along  the  main  channel  of  30  miles,  and  reaching  from  the  foot  of  Island  No.  40, 
m  mi\es  above  the  foot  of  Jefferson  street,  Memphis,  to  Scanlan's  Landing,  18^  miles 
below  the  same  point.  This  constitutes  the  survey  as  finally  completed,  and  I  will 
therefore  consider  it  as  a  whole. 

As  there  had  been  a  very  complete  survey  of  almost  the  entire  portion  of  this  reach 
of  river  made  in  1877- 78|  under  the  direction  of  Lieut.  Col.  C.  B.  Comstocki  Corps  of 
Engineers,  United  States  Army,  the  primary  object  of  the  present  resurvey  was  to 
ascertain  the  changes  in  the  bed  and  banks  since  that  time;  that  is,  the  location  and 
amount  of  the  erosion  of  the  banks,  the  accretion  or  formation  of  bars,  and  the  scour 
or  fill  of  the  bed  of  the  stream. 

METHOD  OF  MAKINO  8URVEY. 

A  complete  triangulation  of  the  reach  having  been  made,  both  under  the  direction 
of  General  Comstook  and  by  the  Coast  and  Genetic  Survey  (the  notes  of  which  wers 
furnished  this  office),  and  as  most  of  their  points  were  still  intact  it  was  not  deemed 
necessary  to  make  an  entirely  new  trigonometrical  survey.  Both  for  economy  of  time 
and  in  order  to  make  a  more  exact  comparison  with  the  previous  survey,  those  old 
points  which  were  found  to  be  in  good  order  were  used  in  the  new  survey,  and  the 
ones  which  had  been  destroyed  and  were  necessary  to  insure  the  accuracy  of  the 
work  were  replaced. 

The  bank  and  bar  lines  between  the  trian^nlation  stations  were  determined  by 
stadia  measurements,  as  were  also  the  sounding  stations.  Soundings  were  located 
by  intersections  from  two  transits  on  shore,  usually  placed  on  the  bar  or  convex  side 
of  the  river,  so  as  to  give  the  best  angles  oi  intersection. 

Several  methods  of  making  soundings  were  tried  and  the  one  most  generally  used  was 
adopted  as  giving  the  greatest  number  in  a  given  time.  A  skiff,  with  three  oarsmen, 
a  leadsman,  and  a  recorder,  was  rowed  rapidly  back  and  forward  across  the  stream 
and  the  lead  cast  every  half -minute.  Every  second  sounding  being  located  by  the 
transitmen  sishting  on  a  flag  raised  and  quickly  lowered  by  the  recorder  at  the  in* 
stant  of  sounoing.  In  order  to  keep  a  check  on  the  numbers  the  flag  was  quickly 
raised  and  lowered  twice  at  every  fifth  sounding,  and  such  double  flag  noted  by  both 
transitmen  and  recorder.  On  account  of  its  too  great  draught  the  steam-launch  was 
found  to  be  of  very  little  utility  in  the  actual  taking  of  soundings  at  a  low  stage  of 
water.  It  was,  however,  used  to  a  considerable  extent  in  the  immediate  vicinity  of 
Memphis,  the  soundings  over  this  portion  being  taken  in  longitudinal  lines.  The  lead 
was  oast  but  once  for  each  line  and  the  launch  and  lead-line  kept  drifting  together. 
Soundings  were  taken  every  fifteen  seconds  and  every  fourth  sounding  located.  This 
method,  without  doubt,  gives  the  most  accurate  results,  but  was  abandoned  on  ac- 
count of  the  great  length  of  time  consumed. 
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THE  CHARTS. 

The  map  of  the  river  suhmitted  herewith  conslBts  of  four  charts,  made  to  a  scale  of 
1 :  10,000,  nnmhered  Arom  one  to  four,  l>egiiiDing  at  the  foot  of  Island  No.  40.  As  prob- 
ably the  best  method  of  describing  the  reach  surveyed,  I  will  take  ap  the  charts  in 
numerical  order,  and  consider  them  separately. 

Chart  No.  1  extends  from  the  foot  of  Island  No.  40  to  Monnd  City  Landing,  a  distance 
along  the  channel  line  of  7^  miles.  Of  this  portion  of  the  river,  only  that  part  had 
been  previously  plotted  by  the  ^'Comstock  survey"  between  the  head  of  Old  Hen 
Island  and  Mound  City  Landing.    Heavy  caviug  is  shown  to  have  taken  place  on  the 


right  bank  since  the  **  Comstock  survey 
Hen  Island,  the  previous  survey  was  made  under  the  direction  of  the  Mississippi 
River  Commission,  in  1879-'d0.  As  their  maps,  plotted  to  a  lurge  scale,  have  not 
been  fiimished  this  oflBce,  I  have  not  been  able  to  place  their  shore-lines  on  the  new 
maps.  Throughout  the  reach  of  river  on  this  chart,  the  width  between  bank  lines  is 
excessive,  varying  fh>m  3,000  to  6,000  feet;  but,  at  the  stage  to  which  the  chart  is 
plotted,  the  widths  of  the  water-way  are  as  follows:  3,000  feet  at  foot  of  Island  Forty, 
thence  contracting  to  2,000  feet  in  next  three  miles,  and  again  widening  to  5,000  feet 
at  head  of  Old  Hen  Island. 

The  soundings  and  shore-lines  on  this  chart  are  reduced  and  plotted  to  a  stage  of 
water  which  corresponds  to  a  reading  of  11.4  feet  on  the  Memphis  gauge. 

Chart  No,  2  extends  from  Mound  City  Landing  to  the  head  of  President's  Island, 
a  distance  along  the  channel  line  of  7  miles,  and  includes  the  river-front  and  harbor 
of  Memphis. 

The  most  noticeable  change  shown  to  have  taken  place  on  this  portion  of  the  river 
is  the  heavy  caving  above  Hopefield,  extending  from  Mound  City  Landing  to  Hope- 
field,  and  amounting  to  a  maximum  cutting  of  1,200  feet,  in  the  middle  of  the  bend, 
since  the  survey  of  1877-78.  Rapid  caving  is  also  taking  place  on  the  left  bank  above 
Wolf  River.  This  caving,  by  comparison  of  more  recent  surveys,  seems  to  be  imsreas- 
ing  in  rapidity.  Gradual  caving  is  also  shown  to  have  taken  place  on  the  river-front 
of  Memphis,  above  Jefferson  street.  This  portion  of  the  front  has  been  partially  re- 
vetted during  the  past  four  or  five  years,  and  the  caving  thereby  stopped,  or  at  least 
checked,  as  considerable  caving  of  the  top  bank  has  taken  place  during  the  past  year, 
which,  although  not  showing  largely  on  this  map,  is  of  considerable  importance  on 
account  of  the  value  of  the  property  affected. 

The  water-way  in  front  or  Memphis  and  in  a  part  of  Hopefield  Bend  is  contracted 
to  a  width  of  only  1,600  or  1,800  feet,  at  the  stage  of  water  to  which  the  chart  is  plot- 
ted. This  chart  also  shows  the  sweep  of  the  bend  opposite  Memphis  and  the  course 
of  Four-mile  Bayou,  extending  almost  across  it.  The  shortest  distance  through  thia 
bend  is  13,600  feet. 

The  soundings  and  shore  lines  on  this  chart  are  reduced  and  plotted  to  a  stage  of 
water  which  corresponds  to  a  reading  of  11.4  feet  on  the  Memphis  gauge. 

Chart  No.  3  includes  the  whole  of  President's  Island^  and  snows  the  main  channel 
and  chute  on  either  side  of  it.  The  nearly  equal  division  of  the  low-water  discharge 
of  the  river  at  the  head  of  the  island  has  apparently  been  the  cause  of  shoaliu|^ 
and  contracting  the  low-water  channel  of  the  main  river  along  its  north  and  west 
sides. 

Between  the  month  of  Four-mile  Bayou  and  Lake's  Landing,  the  width  of  the 
water-way,  at  the  sta^e  to  which  the  chart  is  plotted,  is  only  1,300  feet.  Below 
Lake's  Landing  it  widens  out,  but  becomes  shoal,  aud  by  the  formation  of  » 
middle  bar,  one  mile  above  Rowley's  Landing,  the  actual  available  channel  is  oon- 
tracted  to  600  feet,  and  maintains  this  width  for  2,000  feet.  The  clear  bigh-water 
width  of  the  main  river  averages  from  4,000  feet  to  5,000  feet,  exclusive  of  the  chnte 
between  President's  and  Vice-President's  Islands. 

The  principal  caving  shown  to  have  taken  place  in  this  portion  of  the  main  river 
extends  from  the  head  of  the  Apperson  plantation  to  Jones's  Landing,  where  there  haa 
been  an  average  cutting  of  from  400  feet  to  500  feet,  for  a  distance  of  10,000  feet. 
Caving  has  also  taken  place  immediately  above  Lake's  Landing,  averaging  200  feet 
in  wi^h  by  one-half  mile  in  length,  and  from  the  month  of  Four-mile  Bayou,  np- 
atream,  there  has  been  an  average  caving  of  150  feet  for  a  distance  of  a  mile. 

The  chnte  to  the  east  and  south  of  President's  Island  has  a  very  uniform  width 
between  bank  lines,  varying  only  from  2,000  to  2,200  feet.  At  low  stages  its  width 
in  the  bend  is  contracted  by  a  bar  to  1,200  feet,  and  a  middle  bar,  or  reef,  also 
obstructs  the  upper  end  of  the  chute,  for  a  distance  of  about  a  mile.  From  the  lack 
of  necessary  tools  and  appliances  for  making  the  examination  I  was  not  able  to 
Jndge  of  the  nature  of  the  material  of  which  tnis  reef  is  composed ;  but  the  bottom 
of  the  whole  upper  portion  of  the  chute,  as  indicated  merely  by  the  fbel  and  effect 
npon  the  sotmoing-Iead,  seems  to  be  of  a  hard,  gravelly  nature.    From  the  foot  of 
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the  blaif,  at  the  head  of  the  ohute,  a  reef  of  ferroginoos  sand-rock  juts  into  the  stream^ 
showing  at  a  stage  about  10  feet  above  low  water;  and  this  middle  bar  may  possibly 
be  of  the  same  nature.  In  this  connection,  from  the  report  of  Assistant  Engineer 
£.  H.  Wilson  to  the  secretary  of  the  Mississippi  River  Commission  (Jnne,  1881),  I  find 
the  following  information  concerning  the  nature,  depth,  and  probable  location  of 
this  rock.  At  boring  No.  1,  located  at  the  foot  of  the  bluff,  about  three-fourths  of  » 
mile  below  the  head  of  the  chute,  ferruginous  sandstone  stopped  further  progress  at  a. 
depth  of  107.4  feet  below  the  top  of  the  bluff,  which,  according  to  his  diagram, 
would  be  about  on  a  level  with  the  low  water  of  1872. 

In  describing  this  boring  Mr.  Wilson  says :  '*  The  sand  rock  which  stopped  the  pro- 
gress of  the  boring,  it  seems,  is  here  of  unusual  extent,  appearing  above  the  water  at 
fow  stages  of  the  river  some  distance  from  the  bank,  which,  wasning  away  the  over- 
lying material,  has  been  unable  to  remove  the  rock.  *  *  *  It  seems  possible  that 
tne  submerged  bar  which  extends  from  this  point  to  the  head  of  President's  Island,, 
may  be  an  extension  of  this  sandstone  layer." 

With  the  exception  of  the  middle  bar  referred  to,  I  did  not  find  any  shoal  of  a  pos- 
sible rocky  formation  in  the  stream,  which  would  appear  above  the  water  at  its  lowest 
stage.    At  two  points  in  the  chute,  where  some  disturbing  elements  on  the  bottom 
(claimed  by  some  to  be  rock  reefs)  have  caused  large  boils  on  the  surface,  there*  waa 
found  not  less  than  19  feet  of  water  at  the  stage  sounded — 6.5  feet  on  the  Memphia 
gauge. 

The  supposition  as  to  the  rocky  nature  of  the  middle  bar  may,  very  likely,  be  cor- 
rect; but  a  thorough  examination  is  necessary,  in  order  to  establish  it  as  something 
more  than  a  mere  hypothesis. 

The  distance  through  the  chute  is  1^  miles  shorter  than  by  way  of  the  main  river 
at  low  stages  of  water ;  the  length  of  the  main  channel  being  7i  miles,  and  by  way 
of  the  chute,  6^  miles. 

The  principal  caving  shown  to  have  taken  place  in  the  chute  is  at  the  head  of  Presi* 
dent's  Island,  where  there  has  been  an  average  cutting  of  from  200  feet  to  500  feet  for 
a  distance  of  a  mile ;  and  also  on  the  foot  of  the  island  averaging  300  feet  in  width 
by  one-half  mile  in  length.  Slighter  caving,  varving  firom  50  feet  to  100  feet  in  width 
by  two  miles  in  length,  has  also  taken  place  on  the  Tennessee  shore  below  Nonconnah 
Creek. 

The  soundings  and  shore  lines  on  this  chart  are  reduced  and  plotted  to  a  stage  of 
water  which  corresponds  to  a  reading  of  6.5  feet  on  the  Memphis  g>iuge. 

Chart  No.  4  extends  Arom  the  foot  of  President's  Island  to  Scanlan's Xanding,  a  dis- 
tance along  the  channel  of  8  miles. 

The  widtn  of  the  river  between  banks  throughout  almost  the  whole  of  this  reach 
is  very  excessive,  being  from  5,000  to  6,000  feet. 

From  Reeves'  Landing  to  Harris'  Landing,  where  the  width  from  bank  to  bank  ia 
BbOOO  feet,  a  middle  bar  has  formed,  which,  at  low  water,  divides  the  river  into  two 
cnannels,  both  of  which  are  navigable  for  small  boats  of  light  draught,  the  one  on  the 
right,  however,  being  the  main  channel  and  the  only  one  through  which  large  boats 
ean  pass  with  any  degree  of  safety. 

The  bars  at  Hampton  and  Scanlan's  Lauding  have  been  found  to  be  greatly  in- 
creased in  size  and  are  gradually  moving  down  stream.  The  width  of  water-way  of 
the  main  channel,  as  con  tract  e<i  by  the  bars  at  the  stage  of  water  at  which  the  survey 
and  map  were  made,  is  2,600  feet  at  Ensley's  plantation,  4,000  feet  at  Hampton  Land- 
ing, 1,700  feet  at  Reeves'  Landing,  keeping  about  this  width  to  Harris*  Landing,  then 
vrideuing  to  5,000  feet  on  the  crosMing  below,  but  soon  contracting  again  to  2,5i00  feet 
and  keeping  about  this  width  to  near  Scanlan's  Landing. 

The  principal  caving  found  on  this  reach  is  at  the  following  points :  Between  Reeves' 
and  Harris'  Landing  where,  for  a  distance  of  4,UO0  feet,  there  nas  been  an  averagH  out- 
ting  of  300  feet ;  below  Fleece's  plantation,  where  there  has  been  a  cutting  of  S^  feet 
to  &0  feet,  a  distauoe#)f  3,600  feet ;  and  on  the  head  of  the  old  Cow  Islands,  where 
the  caving  has  been  from  200  feet  to  600  feet  in  width,  by  a  mile  in  length. 

Blight  and  inconsiderable  caving  has  also  taken  place  on  the  lower  end  of  Ensley'a 
plau&tion,  between  Horn  Lake  and  Collins'  Landings,  and  below  Scanlan's  Landing. 

The  soundings  and  shore  lines  on  this  chart  are  reduced  and  plotted  to  a  stage  of 
water  which  corresponds  to  a  reading  of  6.5  feet  on  the  Memphis  gauge. 

SLOPE  OF  THE  RIVER. 

While  the  party  was  at  Hampton  Lauding,  a  daily  gauge  record  was  kept  at  that 
point,  the  zero  of  the  gauge  being  conneeteoT  with  that  at  Memphis,  by  means  of  the 
levels  of  the  "  Couistock"  survey.  In  the  following  table  are  given  tne  daily  gauge 
readings  at  both  points  from  November  30  to  December  13,  the  zero  of  the  Hampton 
cangebeins  reduced  to  the  same  level  as  that  at  Memphis.  The  daily  differences  in 
&vei  and  slope  per  mile  are  also  given.  Taking  f^om  tnis  table  0.530H  foot,  the  aver- 
age slope  per  mile,  and  multiplying  by  7f  miles  (the  distance  around  rresident'a 
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Island  by  way  of  the  main  chaanel),  we  get  3.8483  feet  as  the  dlfferenoe  in  level 
between  the  head  and  foot  of  the  island;  and,  dividing  this  by  6i  miles,  the  distance 
through  the  chnte,  gives  0.5920  feet  as  the  aven^  slope  per  mile  throagh  the  chnte. 

Table  of  slopes. 


0«aKe  reading. 

Diat- 
anoe. 

DUference 
in  level. 

Slope  per 
mile. 

Bate. 

Memphis. 

Hampton 
LaacDng. 

1882. 
D'oTember  80................................ 

Feet 
6.85 
6.80 
6.25 
6.80 
6.30 
6.40 
6.40 
6.45 
6.60 
6.80 
6.60 
6.50 
6.25 
6.00 

FmL 
-0.24 
^-0.24 
—0.26 
—a  81 
—0.81 
—0.26 
-4.26 
—0.81 
—0.26 
H-0.09 
+0.09 
-0.11 
~«.81 
-«.71 

i 

12| 
12 
12 
12 
12 
12 
12 
12| 
12| 
121 

Fd&L 
6.59 
6.54 
6.51 
6.61 
6.61 
6.66 
6.66 
6.76 
6.86 
6.71 
6.51 
6.61 
6.66 
6.71 

FmU 
0.5272 

I>AOMnlMr   1  .w-T-r.... ...... ,_,-,,^-^ 

0.5882 

T>eo6iiilMr  2 

0.5206 

Deoember  3 

0.5888 

Decembttr  4 - 

0.5288 

December  5 - 

0.5328 

December  6... 

0.5828 

December  7 

0.5408 

December  8 

0.6488 

December  9 

0.5868 

December  10 ,,..., 

0.5208 

December  11 • 

0.5288 

December  12 

0.8248 

mcember  18 t r 

0.6368 

DISOHAEGB  OBSBRVATIOlfd. 

In  order  to  ascertain  the  relative  amonnts  of  water  passing  on  either  side  of  Presi- 
dent's Island,  disoharffe  observations  were  taken  in  both  the  chnte  and  main  river,  a 
^ort  distance  below  tne  head  of  the  island,  on  the  following  days,  December  39  and 
31, 1882,  Jannary  2  and  Febrnary  20  and  21, 1883.  The  resnTts  of  these  observations 
are  given  in  the  following  table : 

Table  of  disekarges. 


Date. 


1882. 
Deo.  29 
Deo.  81 

1888. 
Jan.     2 
Feb.  20 
Feb.  21 


FuL 
8.36 
9.80 

10.40 
82.80 
88.80 


Main  obanneL 


Area  of 
sectioa. 


82,817 

84,035 
141,407 
148.904 


Dls. 
charge 

per 
■econd. 


(hMcfetL 
118,296 
128,965 

189,071 
618,268 
631,846 


Mean  velocity. 


Per 
second. 


F§eL 
3.8490 
3.7758 

4.0861 
4.8723 
4.3873 


Per 
hoar. 


JTOm. 
2.6243 
2.5741 

2.7860 
2.9811 
2.9913 


Area  of 
section. 


39,264 
42,862 

48,894 
104,519 
105,733 


Chute. 


Dia- 
chaTge 

per 
second. 


188,181 
199,497 

206,578 
548,758 
562,715 


Mean  velocity. 


Per 
second. 


FmL 
4. 6654 
4.7098 

4.7604 
5.2503 
5.8220 


Per 
hoar. 


JTOet. 
8.1810 
8.2109 

8.2467 
8.5798 
8.6286 


OwHo/ecL 
29^476 
823,462 

845. 6U 

1,167,026 
1,194,061 


From  the  above  table  it  will  be  seen  that  on  December  29  and  31, 1882,  and  Jannary 
%  1883,  when  the  water  was  at  a  medium  low  stage,  the  discharge  through  the  chute 
was  about  sixty  per  cent,  greater  than  through  the  main  river,  but  on  February  20 
and  21,  when  the  river  was  bank  full,  the  discharge  through  the  main  channel  was 
about  10  per  cent,  greater  than  through  the  chute. 
These  observations  were  made  with  floats,  running  a  distance  of  200  feet. 
The  floats  were  of  the  same  pattern  as  those  used  by  this  office  in  making  discharge 
observations  in  1879. 

Very  resi>ectf ully,  your  obedient  servant,  

F.  S.  BURROWES. 

Assistant  Engineer, 
Capt.  A.  M.  MiLLBB, 

Corps  of  Sngineers^  U,  S,  A,,  MempkiSf  Tenn, 
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K  4. 

REPORT    OF  F.  A.   FlSHICR,   ASSISTANT   KNGINEER,    UPON  A  SURVEY    OF  THE    HELENA 

REACH. 

United  States  Engineer  Office, 

Memphis f  Tenn,y  May  31,  1883. 

Captain  :  I  have  the  houor  to  preseut  to  you  the  following  report  of  the  aorvey  of 
the  Heleua  Reach,  Miseissippi  River,  yoa  iutrasted  to  my  charge  duriug  the  eeason 
of  1882-H3 : 

III  accordance  with  yoar  letter  of  instrnctions,  dated  October  16, 1882, 1  at  once  or- 
)(anized  a  party  and  procured  the  uecesnary  outfit.  The  party  consisted  of  one  assistant 
engineer,  in  charge ;  two  sub-assistants ;  four  rodnidn ;  one  leadsman ;  seven  oarsmen, 
and  one  cook ;  the  quarter-boat  being  Just  large  enough  to  accommodate  that  number 
of  men.  I  left  Memphis  October  22,  1882,  allowing  tne  boat  to  drift  and  piloting  it 
with  my  two  well-manned  skiffs  to  Commerce  Landing,  arriving  October  24. 

The  instruments  furnished  me  were:  Transit  No.  4840  (Heller  and  Brightly) ;  transit 
No.  8  (Gurley ) ;  level  No.  4918  (Heller  and  Brightly). 

Hie  survey  comprised  a  tertiary  triangulatiou,  shore  line  of  both  banks,  of  ban, 
tow-heads,  islands,  and  topography  of  same ;  soundings  and  necessary  level  connec- 
t  ions  between  United  States  Denoh-marks  and  gauges ;  and,  also,  according  to  further 
instructions,  dated  November  25,  1882,  location  of  levees  along  the  river,  when  it  did 
not  extend  the  survey  too  far,  and  the  aaoertaining  the  level  of  high  water  of  1882. 

Secondary  triaugnlation  station  '*  Peters,''  being  the  only  one  near  the  beginning 
of  my  work  which  could  be  found,  observations  for  azimuth  were  made  near  Com- 
merce Landing,  and  the  triangulatiou  carried  from  a  carefully  measured  base-line, 
4,092  feet  in  length,  connecting  tliis  point  with  triangulatiou  station  '*  Peters,"  to  a 
check-base  at  the  head  of  Bordeaux  Cnute,  where  observations  for  azimuth  were  also 
made,  as  a  check  on  previous  determination. 

Near  O.  K.  Landing,  MisS.^  the  first  complete  connection  with  secondary  triangula- 
tiou through  line  triangulatiou  station  O.  & — ^triangulation  station  Waddell,  azimuth 
176^  04'  37''. 54,  was  miMle.  My  observed  azimuth  checked  within  one  minute.  The 
next  connection  was  made  at  Helena,  Axk.,  with  line  triangulatiou  station  Battery 
Hindman — triangulatiou  station  Court-house,  and  again  at  Friar's  Point,  through  line 
triangulatiou  station  Ship^triangulation  station  Westover. 

Causes  to  determine  river  slope,  were  placed  at  such  pointd  along  the  river  as 
seemed  to  indicate  a  change  of  inclination:  and,  elevation  of  their  zeros  was  deter- 
mined by  levels  from  known  elevation  of  United  States  bench-marks.  A  number  of 
such  United  States  bench-marks  were  connected  by  chain  and  transit  with  tertiary 
triangulatiou  points.  ' 

Simultaneous  readings  of  the  gauges  were  taken  at  two  points,  usually  for  six  hours 
in  succession,  and  days  selected  for  slope  determination  at  a  nearly  stationary  stage 
of  the  river.  The  result,  with  dates  when  observed  and  stage  of  river  at  Helena,  are 
given  in  Table  No.  1.  The  rate  of  caving  of  banks  on  the  **  reach,"  for  the  lime 
between  the  surveys  of  1878-'79  and  1882-'83,  is  given  for  the  different  sections  in 
Table  No.  2.    Sand-bars  have  not  been  considerea  in  this  estimate. 

The  level  of  high  water  of  1882  is  given  in  Table  No.  3.  The  stage  of  water  at  Mem- 
phis, Tenn.,  and  Helena,  Ark.,  is  given  in  Table  No.  4.  The  amount  of  work  done  is 
given  in  Table  No.  5. 

topography. 

On  this  "reach  "  many  of  the  secondary  stations  have  been  washed  away ;  in  some 
instances  plowed  up,  aud  in  others  buried  nnder  mud,  and  sand,  some  2  or  3  feet 
deep.  Tertiary  points  were  substituted  and  placed  in  close  proximity  to  each  other, 
so  as  to  avoid  the  cutting  of  heavy  timber,  btadia  lines  were  run  between  stations, 
and  all  points  inland  taken  as  far  as  stadia  oonld  be  read.  Elevations  as  given  on  the 
charts  depend,  in  feet,  on  a  plane  which  is  225  feet  below  high  water  of  June,  1858. 
This  high  water  corresponds  to  a  reading  on  Memphis  gauge  of  34.16  teet. 

SOUNDINGS.  . 

In  sounding,  a  lead  weighing  17|  pounds  was  used.  The  original  lead  weighed  20 
pounds,  but  I  found  it  too  heavy  for  satisfactory  use,  so  I  reduced  its  weight  as  given 
above.  The  lead-line  measured  100  feet;  the  actual  length  of  which  was  determined 
bv  a  standard  measure  at  all  times  before  its  use,  and  correction  noted  in  its  proper 
place  in  sounding-books. 

Generally,  lines  were  sounded  at  an  interval  of  about  l,0OO  feet,  but  at  less  distance 
whenever  the  river  b6d  appeared  changeable.    Two  transits  occupied  such  triangula- 

H.  Ex.  37 26 
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lion  BtationB  ae  wonld  give  the  best  determination  of  position  of  soanding-boat  whoD 
the  flaz  was  raised. 

On  the  charts,  sonudings  are  expressed  in  feet  and  are  reduced  to  that  stsi^e  of  water 
which  corresponds  to  a  reading  of  12.82  feet  on  the  Helena  gauge:  being  tne  mean  for 
the  19  days  on  which  sonudings  were  taken.  The  elevation  of  tnis  stage  of  water  is 
161.54  feet,  or  55.61  leet  below  United  States  bench  mark  V*  High  water  of  1882,  at 
Helena,  was  34.26  feet  above  the  stage  of  water  to  which  the  chivts  are  reduced. 

The  dates  in  tb«  river  bed  indicate  the  days  on  which  soundings  were  taken. 

The  readingN  of  Memphis  and  Helena  gauges  on  these  days  are  given  in  Tabic  No. 
4.  Helena  gauge  is  reaii  twice  during  the  day,  at  9.30  a.  m.  and  1.^)0  p.  m.  The  mean 
of  these  two  leadings  has  been  taken. 

CAVING  BANKS. 

Table  No.  2  ^ives  a  list  of  localities  and  the  rate  of  caving.  The  rate  is  determined 
from  a  comparison  of  the  present  position  of  the  shore-line  with  its  position  at  former 
surveys.  It  will  be  observed  that  the  caving  at  east  side  of  Bordeaux  Island  is  going 
on  very  rapidly,  as  umeli  as  l,loO  feet  in  one  jear;  and  as  the  whole  distance  acroea 
to  Old  River,  above  Walnut  Bend  Lauding,  is  only  1,117  feet,  the  river  will  doubt> 
less,  at  no  distant  date,  break  through  and  resume  its  original  bed  in  Walnut 
Bend.  I  have  added  to  this  report  a  reduced  plot  of  this  interesting  section  of  river. 
(Plate  II.) 

RAK8  AND  TOW-IIEAHS. 

The  bar  opposite  Commerce  Landing,  between  old  and  new  river,  has  extended 
down  the  river  about  oue-half  of  a  mile,  and  is  composed  of  a  very  fine  and  easily 
shifting  sand,  except  on  the  northern  portion,  where  a  small  belt  of  gravel  pre> 
dominates.  At  the  southern  eud  is  some  silt  and  mud.  The  opening  lit  Lin  wood 
Point,  into  Council  Bend,  is  closing  rapidly.  The  bar  immediately  below,  on  Missis- 
sippi shore,  is  composed  mainly  of  sand  with  some  silt  at  extreme  southern  cud. 
Clark's  Tow-head  is  now  merged  into  this  bar  aud  bus  lost  its  identity. 

The  bar  opposite  Mhoons  Landing,  ^'Ashley  Poiut,"  is,  at  its  higheftt  elevation,, 
composed  of  sand.  Along  the  bluff  or  main  shore,  gravel  exists  and  varies  in  size 
fh)m  0.5  inch  down  to  course  sand. 

The  bar  at  the  head  of  Bordeaux  Chute  consists  of  a  very  fine  sand;  the  sontherii 
and  eastern  end  of  it.  where  it  joins  on  the  muin  shore,  is  composed  of  mud. 

The  Walnut  Bend  bar  has  extended  down  stream  three-fourths  of  a  mile,  with  fine 
sand  on  its  snrface;  below  it,  however,  at  a  depth  of  one  or  two  feet,  it  becomes 
coarser  and  is  mixed  with  pebbles  as  much  as  0.75  inch  in  size. 

This  bar  will,  in  the  near  future,  become,  no  doubt,  an  island,  as  the  river  above  is 
forcing  its  way  rapidly  through  to  the  old  Walnut  Bend  Channel. 

The  large  bar  on  Mississippi  side  above  O.  K.  Landing,  as  well  as  two  small  bars 
detached  firom  it,  are  composed  of  a  coarser  kind  of  sand  tnan  usually  found ;  probably 
lU)  per  cent  of  it  consists  of  quartz  particles  from  0.04  to  0.05  inch  in  size. 

Fox  and  Ship  islands  are  merged  into  this  bar.  At  its  eastern  extremity,  where  it 
forms  the  shore  of  an  inlet  (formerly  river),  is  a  belt  of  mud  which  extends  up  as  high 
as  B.  M.  -V^.  The  large  and  smaller  island  bars,  as  well  as  shore  bar  opposite  O.  R. 
Landing,  are  composed  of  fine  sand  with  mud  surrounding  them.  The  island  imme- 
diately below  O.  K.  Landing,  in  midstream,  consists  of  coarser  sand  mixe<l  with  large- 
size  pebbles,  some  as  much  as  1.5  inch  in  size. 

The  bars  forming  opixwite  Harbert's  Landing  are  composed  of  flue  sand.  Shoo- 
Fly  Bar,  below  Hmert's,  is  sand  in  its  main  body  with  some  gravel  at  its  northerD 
end.  This  bar  has  assumed  quite  a  different  shape  since  1878.  From  being  egg^ 
shaped,  with  greater  axis  lying  across  the  stream,  it  has  assumed  a  long,  nanrow  shape 
mnniiig  with  the  channel  of  the  river.  It  has  extended  to  1^  miles  below  its  former 
southern  end,  holding  meantime  its  head  pretty  well.  The  main  channel  of  river 
crosses  at  this  point  Inun  Mississippi  shore  to  Arkansas  side  and  passes  close  to  north 
end  of  this  bar.  The  channel  between  it  and  Mississippi  shore  has  a  tendency  to  All. 
The  bar  opp|(i8(ite  mouth  «»f  Saint  Francis  River,  which  includes  at  the  present  time 
Saint  Francis  Tow-head,  is  a  fine  quality  of  sand.  The  tow-head  itself  is  composed  or 
silt  and  covered  with  ]arge-size<1  cottonwood;  the  former  channel  between  tow-head 
and  main  Mississippi  shore  is  filling. 

The  Prairie  Poiut  bar  has  assuuicd  a  very  large  dimension,  closing  the  former  exist- 
ing channel  lietweeii  if  and  Arkansas  shoie  almost  entirely.  The  northern  part  of 
this  bar  is  comi»ose<l  of  a  very  fine,  almost  dnst-like  sand.  At  the  eastern  slope  at 
this  bar  coarse  sand  with  particles  of  ft-om  0.!25  to  OS*  inch  occur.  The  southern  part 
has  a  Mmall  stretch  of  silt  and  iinidt  mainly  along  water  edge.  Helena  Tow-head  la 
oomiKMed  of  fine  sand,  excepting  ut  Helena  end,  aiid^also  along  eastern  ed^,  whem 
•ome  silt  is  found.    It  is  covered  with  a  heavy  growth  of  willows  and  cottonwood^ 
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The  bar^extoDding  from  below  Glendale  to  Thompson's  Landing  is  chiefly  sand  witb 
some  mud  spots  on  lower  part  close  to  water.  Some  gravel  is  fonnd  near  the  upper 
portion  of  the  bar,  the  size  of  which  varies  ftom  0.1  to  0.3  inch  in  diameter. 

Montezuma  Bar  consists  of  sand  mainly.  Some  gravel  is  found,  but  not  in  large* 
quantities.  As  a  rule,  it  has  been  observed  that  the  higher  parts  of  bars  consisted  or 
very  fine  sand,  increasing  gradually  in  size  towards  the  water's  edge.  The  general 
size  of  sand  as  it  occnrs  is  about  from  a  4ust-like  form  to  0.05  inch;  that  of  graved 
fnmi  0.2  to  0.5  inch,  with  occasional  pebbles  of  1  inch  in  diameter. 

The  survey  was  completed  to  a  half  mile  below  Friar's  Point,  by  Janiiarv  27, 18H3,, 
at  which  date  the  tug  Clarence  arrived  to  tow  quarter-boat  back  to  Memphis,  where- 
we  arrived  January  31,  at  which  date  partv  was  disbanded. 

My  thanks  are  due  to  Messrs.  W.  L.  Killebrew  and  C.  A.  Dinsraore,  who  assisted 
me  willingly  and  ablv  in  the  prosecution  of  this  work. 
Very  respectfully,  your  obedient  servant, 

F.  A.  FISHER, 
United  8iate9  Asai^tant  Engineer^ 

Capt.  A.  M.  MiLLBR, 

CwrpB  of  Enffineers,  U.  S,  J. 

Table  No.  l,— River  slope. 


Locality. 


Date. 


J 

'  go 

a  bt 

5 

JS 


1882. 
From  lower  end  of  bar  near 
Campbell's  Laoding  to    Nov.  18 
Mhoon'a  Landing. 


From  Mboou'H  to  head  of 
Bfta^eaux  Chate.  Deo.    5  i  4. 78 


From   bead  of  Bordeaux  I 
Cbote  to  foot  of  same.       j  Deo.  20 


8.78 


I 


From    foot    of   fiordeaaz  i 

Cbnte   to    amaU  iabuid  I  Deo.  89 1  6. 81 

below  O  K.  LanAng.        | 

,    1888. 
From  island  below  O.  K.  i 


Ing    to    moatb    of   Jan.    6  <  8. 09 
Sahit  raMicis  Biver. 


From  month  of  Saint  Fran-  J 

eis  BlTor  to  foot  of  bar  *  Jan.  16  i  7.84 
oiipoflite  Trotter's  Land-  >  { 

ing. 

From  Trotter's  Landing  to  , 
Gange  No.  8,  below  Hel-  '  Jan.  23  ;  4. 85 
ena,  on  Arkansas  shore.   ' 

From  Gaogp  8,  1n*1ow  Hel- 
ena, to  foot  of  Monte-    Jan.  24  ;  Si  45 
snma  Tow-head. 

From  foot  of  Montesoma  i 

Tow-head  to  Westoyer,  ,  Jan.  27  {  2. 29 
opposite  Friar's  Point. 


O  9 


JTOm.     FeeL 
3.44      1L62 


12.10 


18.17 


16.66 


18.66 


2a  50 


I. 

i 
o>a 

s 

F*€t. 

0.00 


0.00 


a  66  ;    -0. 08 


-l-aii 


0.00 


0.00 


16.40  I    -fO-02 


16.95  :    +0.08 


•fO.10 


S 

o 
So 

Feet,  " 

0.668 

1.937 


0.427 
9.898 


Remarks. 


Oauge  2  is  in  a  oove  om 
lower  end  of  bar.  Gau^ce- 
8  Is  in  Old  River,  i  inilo- 
sboTe  Mhoon's;  no  cur- 
rent. 

OaiigA  at  Bordeaux  Chute - 
in  slight  currf*nti  on  rsst 
bank,  head  of  bar. 


Lia6  j  Gange  at  lower  end  of  sand 
4.999        bar,  opposite  Walnut 
Bend   Landing,  in   HtlU 
water. 

0. 867  '  Gange  in  current  on  esAt 


9.410 


iange 
side 


of  bar. 


0.401  :  Gauge  700  feft   in   Saint 
3*9;i«  I      Fraaeis     River,    above- 
mouth,  in  st  ill  back-water- 
of  MissisHlppl. 

0.286  I  Gange  in   still  wnter  om 
S.199  I      west  side  of  Imi*. 


0.560  ,  Gange  in  current  on  Ar- 
9.6INI        kansss  short',  2  75  milest 
below  Helena,  Ark. 

0  862     Gangelocsted  in  still  water- 
1.MI9        on  Arkansas  shore. 


0. 36 1     Gange  located  in  still  watec- 
0.793        on  Arkansas  shore. 


99.60II     Slope  for  entire  distsnoeu 


*Riae-f.     Fall-. 

KoTK.— ngnres  In  heavy-fhoed  type  give  anm  of  alope  Ibr  whole  reeneetive  distance.    The  meaik 
reading  of  Hvlaaa  gange  for  the  nine  days  on  whieh  slsrpe  was  determtaeo,  is  14.37  feet. 
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Below  is  given  a  list  of  localities  and  the  rate  of  eaving.  The  rate  is  determined 
from  a  comparison  of  the  present  position  of  the  shore-line  with  its  position  aft  former 
survey. 

Tablb  No.  2. — Caving  banks. 


LocaUty. 


Ashley  Point,  Ark 

!Mhoon's  Landing,  Miss 

Bordeaux  Point  Landing,  Hiss 
Bordeaux  Island  (east  side) 


Shore  opposite  Walnut  Bend,  Miss 

Smith's  Landing,  Ark   

One  and  a  half  miles  above  Harbert's  Landing 

Opposite  Shoo-Fly  Bar,  Ark 

Month  of  Saint  Francis  River 

3elow  month  of  Saint  Francis  Biver 

Trotter's  Landing,  Miss 

Olendale,  Miss 

One  and  ahalf  to  Smiles  below  Helena,  Ark 

Delta,  Miss 

One  and  a  half  to  2i  miles  below  Friar's  Point,  Miss. 


Rate  of 

caving 

Total 

per 

caving. 

year. 

Feet. 

Feet. 

820 

640 

250 

500 

400 

800 

1,100 

2,200 

400 

800 

540 

1,080 

1824 

680 

827^ 

1,310 

75 

300 

8llt 

780 
1,250 

9SA 

250 

250 

1,000 

ia2i 

650 

140 

280 

Material. 


Remarks. 


Sinee— 

Sand '  Deo.,  1880 

Sand  and  silt I  Dec.,  1880 

Sand  Dec,  1880 

Clay  and  sand Dec. ,  1880 

Sand Dec.  1880 

do I  Jan.,  1881 

Clay  and  sand  . . . !  Nov.,  1 878 

Sand  and  silt <  Dec,  1878 

Clay  and  sand  ...  I  Dec,  1878 

do '  Dec,  1878 

do I  Dec,  1878 

—  do 1  Dec,  1878 

Silt  and  sand |  Dec,  1878 

..  do ;  Jan.,  1879 

..  do '  Feb.,  1881 


Table  No.  3. — Elev€Uian  of  high-water  marks  of  1882. 


Locality. 

s 

3 

1 

1 

High-water  slope 
per  mile. 

ii 

5« 

Description  of  marka. 

At  Dr.  Peters*  store,  opposite 

Feet. 
209.48 

20a]8 
207.49 
204.70 
202.75 

202.60 
200.63 
195.88 

18a  71 

MiUe. 

FeeL 

Feet. 

Tills  mnrk  is  defined  by  a  nail  driven 

in  the  side  of  the  counter  inside  the 

store. 
Mark  on  tree,  close  by  B.  M.  V> 
Mark  on  house  of  Heniy  Wilson. 
Two  nails  in  door-i»ost  of  store. 
Height  above  benoh  mark  on  comer 

court-house  square,  measured  by 

county  surveyor. 
Mark  on  store  and  poet-office. 
Mark  on  large  tree  opposite  post-offloe. 
Mark  on  ^ndow-sul  of  brick  house 

Commerce  Ijanding. 

Mhoon's  Landing^  Miss 

Bordeaux  Point  Landing,  Miss. 
Walnut  Bend  Landing,  Ark. . . . 
Austin.  Miss 

5 
3 
4 

0.260 
0.218 
0.697 

L80 
0.64 
2.79 

O.  K.  Landing,  Miss 

7 

8.75 

9 

12.5 

0.800 
0.22S 
0.628 

0.675 

2.10 
L97 

4i76 

7.17 

Mouth  of  Saint  Francis  River. . 
Helena,  Ark 

Westover,  Ark.,  opposite  Fri- 
ar's Point. 

opposite  elevator. 
Weu-deftned  mark  on  storehouse  at 
comer  of  levee. 

Total 

49.25 

20.72 

Entire  high-water  slope. 

Vote.  —Elevations  as  given  in  this  table  depend  in  feet  on  a  plane  which  is  225  feet  below  high  water 
«f  June,  1858.  This  high  water  corresponds  to  a  reading  on  Memphis  gauge  of  84.16  feet.  High  water 
of  1862  corresponds  to  a  reading  on  Memphis  gauge  of  ^5.16  feet,  and  on  Helena,  Ark.  gnage  of  4708, 
feet. 
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Table  No,  4. — WaUr  gauges, 
[Showing  stage  of  water  at  United  States  gange  at  Memphia,  Tenn.,  and  Helena,  Ark.] 


Date. 


1882. 
Not.    8 

4 

13 

20 

24 

Dec.     6 

0 

11 

16 

20 

21 

29 
1883. 
Jas.     6 

6 

16 

16 

17 

28 

24 


Mean  elevation 

of  water  in 

▼icinity  where 

soundings  were 

token. 


FmL 

177.18 

177. 13 
177.46 
174  60 
174  06 
174.43 
174.43 
17443 
167.80 
166.78 
166.74 
166.02 

162.06 
162.08 
162.08 
162.08 
160.00 
163.16 
166.22 


1.30  p.m. 


Fe9L 
6.72 

6u22 

6.18 

7.20 

6.75 

6.40 

6.80 

6.60 

&26 

8.76 

3.60 

8.20 

10.00 
0.70 
7.60 
7.50 
7.66 
10.26 
11.00 


{ 


FeeL 
10.55 
10.70 
10.60 
10.70 
1L55 
11.70 
12.90 
12.11 
12.75 
12.80 
12.10 
12.10 
12.20 
12.80 
12.50 
12.60 
11.10 
ILOO 
9.00 
8.11 
8.76 
9.80 
13.05 
13.30 

17.10 
17.10 
17.00 
16.11 
13.20 
13.30 
13.60 
13.60 
13.66 
13.80 
16.80 
16.00 
16.80 
17.10 


Mean  for  nineteen  days. 


') 


Mean  of 
Helena 


Fest, 
10.63 

10.66 

11.62 

12.50 

12.77 

12.10 

12.25 

12.55 

11.05 

8.55 

8.77 

13.17 

17.10 
16.65 
13.26 
13.65 
13.72 
16.90 
16.96 


12.82 


Table  No.  5. — Shotoing  amount  of  work  done  from  Commerce  CuUOff  to  Friar^e  Point. 


Tertiary  triangulation  stations  built. 

Azimuths  obserred 

Bases  chained 

Theodolite  pointings 

Leads  cast,  number  of 

Water-gauffes  set 


Hydrography  in  miles  along  river  channel,  old  and  new 
Shore-line  in  miles . 


Sandbars  surveyed,  number  of 

Biver  slopes  determined,  number  of 

Miles  of  levels  run  fh>m  United    States  bench-marks   to  connection  with 
gauges 


185 

4.996 

6,184 

11 

59 

135 

41 

10.5 
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b8t1matk  of  richakd  klkmm,  assistant  ekoineer,  for  rebuilding  and  repair- 
ing lbykes,  saint  francis  and  part  of  yazoo  fronts. 

United  States  Engineer  Office, 

Mmpkis,  Tenn.,  March  15,  1883. 

Captain:  I  have  the  honor  to  sabmit  to  yoa  herewith  estimates  of  amoants  of 
«ubic  yards  to  be  filled,  and  also  the  number  of  acres  to  be  cleared  for  the  repairing 
«nd  rebnildingf  of  tlie  old  State  levees  along  the  ''  Saint  Francis  iront "  on  the  west 
t>auk  of  the  Mississippi  River  and  the  **  Yazoo  front"  on  the  east  bank  of  the  river. 

The  Saint  Francis  front  in  this  district  extends  on  the  Arkansas  side  from  Island 
^""o.  40  to  the  month  of  Saint  Francis  River,  and  the  Yazoo  ftont,  as  far  as  surveyed, 
from  the  Chickasaw  Bluifs,  below  Memphis,  to  Friar's  Point,  on  the  Mississippi  side. 

In  accordance  with  your  orders,  I  have  prepared  two  estimates— one  to  give  the 
amount  of  cubic  yards  needed  to  fill  the  gaps  and  breaks  in  the  old  levees,  and  one  to 

f;ive  the  amount  of  cubic  yards  needed  to  raise  all  levees  1^  feet  above  high  water  of 
882.  The  slope  for  new  levees  is  calculated  at  3  to  1  on  the  river  side  and  2  to  1  on 
tihe  land  side.  The  crown  of  the  levees  ^nals  the  fill  up  to  a  fill  of  6  feet ;  above 
-8-feet  fill  the  crown  will  not  exceect  8  feet.  Tne  muck-ditch  is  4  feet  wide  on  top,  2  feet 
wide  at  the  bottom,  and  3  feet  deep.  At  such  places  where  previously  no  levees  had 
•been  built,  the  calculations  were  made  to  a  height  of  li  teet  above  high  wat«r  of  1882 
for  both  estimates. 

The  estimates  are  compiled  partly  from  actual  surveys  made  by  Mr.  Gartland  and 
inyself,  and  partly  are  taken  from  the  charts  made  under  the  direction  of  General 
<]!omstock  in  1878.  From  a  point  below  Commerce,  in  Tunica  County,  to  the  Coahoma 
County  line,  the  amounts  are  taken  from  notes  and  profiles  made  by  the  county  engi- 
neer of  Tunica  County,  Mr.  G.  W.  Owens,  and  from  Coahoma  County  line  to  Friar's 
Point,  in  Coahoma  County,  from  notes  and  profiles  made  by  Levee  Inspector  William 
JElewson. 

The  high- water  marks  are  partly  from  my  own  survey  and  partly  from  Assistant 
£ngineer  Hunter  Stewart.  In  locating  the  new  levees,  I  followed  the  line  of  the  old 
levees  as  near  as  possible.  At  such  places  where  the  old  levees  had  caved  into  the 
river,  1  laid  the  new  levees  far  enough  back  to  probably  be  safe  for  some  time.  I 
attach  a  sketch  on  tracing  linen,  showing  the  old  levees,  and  also  showing,  in  red  ink, 
■the  proposed  line  of  the  new  levees.  Tne  map  shows  that  all  the  old  levees  were 
•constructed  to  protect  the  farming  interests  only,  and  that  the  distances  between  the 
levees  on  either  side  of  the  river  vary  from  1  to  o  miles. 

I  find  that  the  highest  ground  is  always  along  the  river  bank,  and  that  most  of  the 
surface  drainage  goes  towards  the  inland;  on  the  Arkansas  side,  to  the  Saint  Francis 
£iver  basin,  and  on  the  Mississippi  side  towards  the  Coldwater  and  Yazoo  basins. 

Totdh. 


Location. 


Arkaa«wtid«  .. 
Hiaslflsipplaide 


To  keig  W  of  \^^1»  i^* 
old  levees.    ,  -j^ater.isfe. 


Oubie  vard9.  \  OuhU  vard§. 
l,in»126|       1.684,lfi8 


00,72(2 


842,082 


Clearing. 


ACT€9m 

878 
248 


Very  respectfully,  your  obedient  servant, 


Capt.  A.  M.  MiLLKR, 

Cwrp$  of  Engineon,  U,  8,  J,,  MempkU,  Tmn, 


RICHARD  KLEMM. 

A9sUtani  JBngin^er, 
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Tablr  No.  l.^E9timate$  for  r$pairiHg  amd  r^uilding  Uke  old  State  levees  along  the  Mis- 
siseippi  BivtTy  om  the  Saint  Francis  front,  in  the  State  of  Arkansas. 


From — 


Redman'A  Point 

(Moand  City  Breaks.) 
MoandCitv 

(Hopefleld  Breaks.) 
Foar-lUle  Bayou 

(ApperMxn  and  Beerefi*  Landing 
Breaks.) 
Soanlan's  Landing 

(Cow  Island  Bend  Breaks.) 
Cat  Island  Landing 

(Horseshoe  Breaks.) 
Blne'sPoint  

(Council  Bend  Break,  Ka  1.) 
Head  of  Cooncll  Bend 

(Connotl  Bend  Break,  Ka  2.) 
Dr.  Peters' 

(Ashley  Point  Leree.) 
Haad  of  walant  Bend 

(Walnut  Bend  Breaks.) 
Fall's  Place 

(Hardin  Point  Levee.) 


To- 


Total. 


Hound  City 

Fonr-Mile  Bayou 

Soanlan's  Landing  — 

Cat  Island  Landing . . . 

Blue's  Point 

Head  of  Counril  Bend 

Br.  Peters' 

Head  of  Walnut  Bend. 

FaU*s  Place 

Mouth  of  Saint  Francis 


s 

I 

p 

MiUs. 
5 

9 

13 

7 
18 
5 
6 
6 
8 
7 


h 

Set 


Ou.  yd*.     Oh.  yds. 
53.092  1    174.<M>1 


I 

M 
ti 

0 


I 


Ou.  yds.  AcTM 
Or  §99  I 


78,867 
24,778 

29,990 
148,758 
208,537 
183,958  ' 
100,885 
100,016 
140,589 


211,738 
178,379 


5,520  i 
8,732  ,. 


40 
05 


00,921  I  5,412 
133,288 
208,587 


188,953 
100.885 
100,010 


0, 999 
0,993 
5,406 
8,949 
5,751 


140,539  !  10,005 


80 
84 
80 
74 
27 
80 
142 


78  1, 122, 000  1, 608, 027  ;  00, 120  I   078 


Table  No.  2. — Estimate  for  repairing  and  rebuilding  the  old  State  levees  along  ike  Missis- 
sippi River,  on  the  Yazoo  front,  in  the  States  of  Tennessee  and  Mississippi, 


From — 


South  Horn  Lake 

(Taken  tnm  (General  Comstook's 
surrer.) 
Abbey's  field 

(Taken  firom  O.  W.  Owens.) 
Austin .^ 

(From  Cr.  W.  Owens.) 
Coiahoma  County  Llncf 

(From  William  Hewson.) 


ToUl. 


To— 


P 


Abbey's  Field 


2 


e 
H 


ct  u 


MUes^  Oa.yds.\  Ou.ydt^ 


Austin 

Coahoma  County  Line. 
Friar's  Point 


28 

20  296,204 
17  223,088 
14  i  44,296 


79  045,402 


82,272 

400,088 

274.701 

00,040 


828,702 


A 
S 


M 
o 

0 


0 


Ou,ydt» 
7,020 


5,500 
4,120 
1,080 


Aeres. 
24 


120 
81 
18 


18,270 


248 


Location. 


Redman's  Landing. 


Hound  City 

Lake's  Landing 

Herrrwether's 

Haxns  Landing 

Soanlan's  liandlBg . .. 

Dr.  Peters' 

Walnut  Bend 

Ho.  Saint  Francis... 
Helena  Water  Oauge 


Table  No.  ^.—MigK^ater  marks,  1882. 

ARKANSAS. 


station. 


0 
160+75 
2404-75 
880 
1030 
1200 
1490 
3050 


Eleration. 


FeeL 


228.08 

227.86 

224.81 

222.220 

991.060 

219.771 

909.40 

904.07 

200.08 

19&88 


Bemarks. 


Taken  by  J.  Oartlaad. 

Da 

Do. 
Taken  by  H.  Stewart 

Do. 

Do. 

Do. 
Taken  by  B.  Klemm. 

Do. 

Do. 

Do. 
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Tablb  No.  2,— High-water  markty  188S^— Continu^cL 
T£NKESS£E  AND  MISSISSIPPI. 


Location. 


Station. 


Memphis  Water  GaoKO. 

EBsley 'a  Landing 

Norfolk  Landing 

Bennett's  Landing 

Commerce  Landing 

Mhoon's  Landing 

Bordeaox^oint 

O.K.  Landing 


530 

1070 

1360 


Elevation. 


225.00 

221.758 

215. 217 

2n.228 

200.443 

20ai40 

206.708 

202.663 


Kemarks. 


Taken  by  H.  Stewart 
Da 
Da 
Do. 
Da 


APPENDIX  i. 

report  of  captain  w.  l.  marshall,  corps  of  sn6inexr8,  upon  operations  in 
i  the  third  district. 

United  States  Engineer  Office, 

Fickslmrgf  Miss.,  Novemher  26, 1883. 

Sir  :  I  have  the  honor  to  transmit  heruwith  my  reports  of  operations  for  the  works 
in  my  charf^e  in  the  Third  District,  Improvement  of  the  Mississippi  River,  under  the 
supervision  of  the  Mississippi  River  CommisBion,  for  the  eleven  months  endinf^  No- 
vember 1, 1883,  as  follows : 

1.  Report  on  Lake  Providence  Reach,  with  snb-reports  of  Assistant  Engineers  Ar- 
thur Hider  and  J.  £.  Turtle,  with  nine  plates.    (I  to  IX.) 

2.  Report  on  revetment  at  Delta  Point,  La.,  and  dredging  in  Vicksburg  Harbor, 
with  suVreport  of  Assistant  H.  St.  L.  Copp^,  and  four  plates.    (X  to  XIII.) 

3.  Levees. — Tensas  and  Yasoo  fronts,  with  sub-reports  of  Assistant  Engineers  H.  D. 
Garden  and  6ebn;e  M.  Helm,  with  wood-cut  plates. 

4.  Survey  of  Choctaw  Bend  Reach,  with  sub-report  of  Assistant  Engineer  Wm.  T. 
Blunt. 

I  am,  sir,  very  respectfully, 

W.  L.  MARSHALL, 
Captain  of  Engineers, 
First  Lieut.  Smith  S.  Leacru 

Corp$  of  Engineers,  tf,  S.  A,, 

Secretary  Mississippi  River  Commission, 


LAKE  providence  REACH. 

This  reach  extends  from  Carolina  Landing,  517  miles  below  Cairo,  to  the  foot  of 
Island  95,  a  distance  of  35  miles.  Work  was  begun  under  the  appropriation  of  March 
3, 1881,  in  February,  1882,  and,  with  a  short  intermission  in  July  and  August,  1882,  has 
been  x>roseouted  continuously  since  that  time. 

The  characteristics  of  the  reach  are  sharp  bends  and  very  deep  water  and  rapidly 
caving  banks  at  head  and  foot  of  the  reach ;  eight  crossings  from  bank  to  bank,  on 
some  of  which  but  4i  feet  of  water  was  found  at  low  water  in  years  prior  to  the  in- 
ception of  the  work ;  a  stretch  of  7  miles  of  straight  river,  from  Island  93  to  foot  of 
Stack  Island,  and  an  excessively  wide  river  at  Skipwith,  Island  93,  head  of  Stack 
Island,  and  below  Lake  Providence.  In  the  latter  oend  the  width  of  river  at  high 
water  reaches  9,600  feet  where  the  channel  is  very  much  obstructed  by  shifting  sand* 
bars  of  great  extent. 

The  project  for  its  improvement  comprises  the  reveting  and  fixing  permanently  the 
bend  at  the  head  of  the  reach,  the  revetment  of  caving  banks  opposite  and  above 
works  of  contraction,  and  a  general  contraction  of  the  width  of  the  river  to  approxi- 
mately 3,000  feet. 

As  a  part  of  the  contraction  work  proper,  the  closing  of  the  following  chutes  is  nec- 
essary. 

(1)  Skipwith  Chute,  about  1,200  to  2,000  feet  in  width  at  high  water;  (2)  ohute  of 
Island  93,  900  fset  in  width ;  (3)  Baleshed  Chute,  to  crest  of  bar,  1,200  to  1,600  feet 
in  width;  (4)  Stack  Island  Chute,  850  feet  wide;  (5)  Elton  Chute,  to  new  shore-line 
on  crest  of  bar,  about  800  feet  in  width. 
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At  the  date  of  the  last  annual  report,  works  had  been  Inaugurated  for  the  closure 
of  Skipwith,  Island  93,  tialeshed,  and  Stack  Island  ChuteSf  and  also  the  revetment 
work  at  the  head  of  Island  S^. 

During  the  past  year  work  has  been  directed  towards  the  completion  of  these  works, 
which  have  been  greatly  extended,  and  to  the  inauguration  of  the  revetment  work  at 
Piloher's  Point,  and  contraction  works  at  Kltou  or  Hopewell  Bar. 

I. — REVETMENT  AT  PILCHBR'S  POINT. 

The  bends  known  as  the  Carolina,  and  Louisiana  or  Bunchs  Bend,  at  the  hc<id  of 
the  reach,  exhibit  more  rapid  caving  of  the  banks  than  any  part  of  the  reach,  and  the 
influence  of  the  changes  produced  in  the  direction  of  currents  below  is  plainly  seen 
and  felt.  The  entire  length  of  caving  bank  in  the  two  concave,  bends  approximatea 
seven  miles.  In  the  Louisiana  Bend  at  Pilcher's  Point,  since  December,  1881,  the  cav- 
ing has  been  such  that  the  Mississippi  low-water  shore-line  now  occupies  in  places  the 
position  of  the  Louisiana  shore-line  then,  or  the  river  has  caved  its  entire  low-water 
width  doring  two  high-wat«r  seasons,  or  about  1,500  feet.  The  water  is  excessively 
deep,  reaching  to  100  feet  in  depth  at  low  water.  The  effect  of  this  caving  has  been 
to  tlirow  the  currents  against  the  Mississippi  shore  above  the  contraction  works  at 
Skipwith,  to  partially  undermine  and  destroy  these  works  at  the  head  of  the  chute, 
and  to  endanger  the  works  located  in  Skipwith  Chute  itself. 

In  May,  16^,  a  party  was  organized  under  Assistant  Engineer  Willard,  who  waa 
afterwaids  relieved  by  Assistant  Turtle:  the  wooded  banks  cleared,  and  preparations 
made  for  beginning  the  mattressing  of  tee  banks  there.  After  the  decline  in  the  river 
in  August,  mattress-work  was  started,  but  during  the  sickly  season  no  progress  could 
be  miMe,  as  labor  was  too  scarce  to  supply  the  works  already  in  progress  and  incom- 

£lete.  Since  October  1,  the  partv  has  been  increased,  a  snag-boat  secured  from  Major 
[iller  to  remove  the  snags  from  the  bank  to  be  mattreesed,  and  about  one- half  mile  of 
mattress  work  made,  1,228  linear  feet  of  which  has  been  sunk.  This  work,  however, 
since  it  cannot  be  completed  or  made  secure,  on  account  of  lack  of  funds,  must  now 
be  abandoned. 

2.— -FROM  DUNGAN8BT  TO  STACK  ISLAND. 

This  division  of  the  work  has  been,  during  the  year,  under  the  local  management 
of  Assistant  Engineer  Arthur  Hider,  who  submits  a  detailed  report  of  operations,  with 
maps  and  sketches  appended  hereto. 

3.— DUNCANSBY  8T8TEM. 

This  svstem  embraces  the  first  work  of  oontraction  on  the  reach.  The  river  is  hero 
divided  by  two  tow-heads,  or  dry  sand-bars,  into  two  channels,  the  deeper  of  which  is  on 
the  Louisiana  shore.  The  object  of  the  silting  works  built  nere  is  to  close  the  chute 
on  the  Mississippi  side  of  the  tow-heads;  and  at  the  head  of  the  tow-head  and  in  the 
upper  chute  five  oross-dikes,  the  upper  three  of  which  were  provided  with  foot-mats 
ana  screens,  the  two  lower  with  screens  onlv,  have  been  built. 

The  longitudinal  dike  between  the  tow-heads  was  driven  at  high  water  and  was 
consequently  a  high  dike..  The  works  in  the  chute  and  at  head  reached  only  to  the 
17-foot  stage  of  water. 

Upon  the  rise  in  February  the  water  was  thrown  against  the  head  of  this  system  by 
the  caving  bend  at  Pilcher's  Point,  and  parts  of  the  upper  dikes  were  washed  out.  but 
a  very  marked  and  decided  fill  occnrred  behind  the  remnants  of  the  cross-dikes  and 
longitudinal  dike,  between  the  tow-heads,  the  former  of  these,  before  being  broken,, 
having  evidently  offered  sufficient  resistance  to  determine  the  channel  to  the  west  of 
the  tow-heads  as  desired.  Along  the  longitudinal  dike  sand  was  piled  up  to  the  top 
of  the  piling  in  a  very  short  while,  and  a  rapid  cutting  away  of  the  head  of  the  upper 
tow  -heiad,  resulting  from  the  river  crossing  above  it,  set  in. 

To  prevent  a  threatened  water-way  at  low  water  through  the  Skipwith  Chute,  and 
to  hold  the  head  of  the  tow-head,  pile-driving  was  resumed  at  the  head  of  the  island 
and  in  the  chute  April  4,  1883.  Cross-dikes  were  driven  on  Banges  37,  38,  and  39, 
as  far  as  the  stage  of  water  would  admit,  and  a  screened  dike  4W  feet  long  driven 
across  the  head  of  the  tow-head  for  the  purpose  of  attempting  to  shield  it  against  the 
current  which  set  directly  against  it.  At  this  time  the  water  stood  so  high  that  brush 
for  revetment  could  not  be  nad.  A  small  quantity  of  brush  remained  on  hand,  and 
this  was  used  in  constructing  a  mat  130  feet  wide  in  rear  of  dike  37,  to  prevent  a 
channel-way  cutting  through  the  chute. 

Later  in  tne  season  the  head  and  upper  flanks  of  the  tow-head  were  mattressed,  but 
the  second  rise  went  over  the  top  of  the  island  and  washed  it  in  two  behind  the  mat- 
tress, which  remains  as  an  obstruction  in  the  channel.  The  dikes  on  Banges  37,  8^, 
39  have  since  been  completed,  except  narrow  channels  for  oommnnioation  through 
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them,  and  a  heavy  dike  begun  on  Range  36.    The  details  of  these  dikes  ate  showo  on 
the  accompanying  maps. 

,  The  works  at  Upper  Dnnoansby  have  dow,  through  the  changes  at  Pilcher's  Point, 
beeome  too  far  advanced,  aud  that  system  is.seriously  threatened  with  destrnction. 
A  line  further  retired  must  be  defined  by  the  river  itself.  It  does  not  seem  to  be  ad- 
visable to  hold  the  present  upper  tow-head,  but  rather  to  dike  out  Arom  the  Mississippi 
shore  to  determine  the  continued  filling  of  the  chute  below  and  allow  the  river  to 
make  a  more  easy  curve  by  cutting  down  further  the  upper  tow-head.  The  lower 
chute  under  the  influence  of  the  works  above  is  very  fast  filling  up. 

4.— MAYERSVILLE  SYSTEM. 

The  contraction  works  of  this  system  as  designed  include  a  main  dike  and  at  least 
thi-ee  cross-dikes  on  Cottonwood  Bar  to  prevent  the  river  catting  through  next  the 
Louisiana  shore  and  to  hold  the  water  in  the  bend  of  Island  93,  a  dike  across  the 
head  of  the  chute  at  Island  93^  aud  a  strong  dike  across  the  chute  at  MayersviUe 
Landing.  Of  these  works  the  dike  across  the  head  of  the  chute  was  constructed  prior 
to  the  last  annual  report,  aud  the  dike  at  MayersviUe  built  at  high  water  last  sum- 
mer. The  first  of  these  works  consists  of  an  open  dike,  three  rows  of  braced  piles 
reaching  to  about  the  17- foot  stage  and  raattressed  at  foot ;  the  cross-dike  consists  of 
five  rows  of  braced  piles  reaching  nearly  to  the  30-foot  stage.  It  is  expected  that 
this  last  dike  will  cause  the  filling  of  the  chute  by  drift-wood  lodging  ngainst  it.  It 
is  not  yet  niattressed  at  foot,  but  this  will,  if  practicable,  be  completed  before  high 
water.  The  dike  at  the  head  of  the  chute  passed  the  flood  without  injury  and  cauMd 
a  very  appreciable  fill  behind  it,  the  chute  going  dry  at  low  water  both  at  head  and 
foot.  The  dikes  to  be  constructed  on  Cottonwood  Bar  gain  in  importance  ss  the  cross- 
ing at  the  head  of  the  Duncansby  system  moves  downward.  A  channel  through  this 
bar  may  endanger  the  dikes  on  the  Baleshed  Bar  below. 

5.— REVETMENT  OF  ISLAND  93. 

At  the  date  of  the  last  annual  report,  of  the  Commission,  there  had  been  constructed 
at  the  head  of  this  island  1,719  linear  feet  of  nnder-water  mattress.  After  that  date, 
until  interrupted  by  the  high  water  of  February,  1H83,  the  mattress- work  was  pushed 
vigorously,  until  it  extended  along  the  face  of  the  island  about  one  and  a  half  miles. 
In  December,  also,  one  of  the  graders  was  put  at  work,  and  the  brush-work  of  the 
upper  bank  revetment  was  followed  down  1,700  feet,  and  partially  weighted  with 
sand-bags  aud  stone.  As  the  holding  of  the  face  of  this  tow-head  is  essential  to  the 
completion  of  the  project  below,  the  mat-work  was  pres<<ed,  but  due  to  a  lack  of  stone 
for  sinking  mats  and  covering  the  upper  bank,  the  work  was  caught  by  the  flood  in 
an  incomplete  condition,  some  225  feet  of  the  upper  bank  revetment  was  lost,  and  the 
sand  above  the  lower  mat  washed  back  from  10  foot  to  300  feet  back  of  the  mattress, 
which  remains  on  the  bottom  of  the  river.  The  work  is  being  done  over  again,  with 
nearly  the  same  experience  threatened  in  consequence  of  lack  of  material  and  money 
with  which  to  complete  it.  On  the  face  of  this  island  lioth  of  the  hydraulic  graders 
have  been  employed  to  advantage,  the  average  cost  of  excavation  being  for  the  last 
year  3f  cents  per  yard,  including  fuel,  oil,  and  repairs. 

6.~]IALB8HED  CONTRACTION  WORKS. 

From  Island  93  to  Stack  Island  extends  the  Lake  Providence  Reach  proper,  a  stretch 
of  straiffht  river,  on  which  have  been  built  on  the  Mississippi  side  the  Baleshed  sys- 
tem of  dikes.  These  works  are  designed  to  close  the  ohnte  behind  Baleshed  Bar,  and 
to  extend  that  bar  down  to  the  beadof  Stack  Island  Chute  to  aid  in  closing  also  that 
deep  chate. 

The  system oomprises  a  main  longitudinal  dike  fh>m  the  main  Mississippi  shoro  near 
Homochitto  Landing,  along  the  crest  of  Baleshed  Bar,  to  the  head  of  Stack  Island,  with 
twelve  cross-dikes  so  far  projected  and  partly  completed. 

Of  this  work  part  of  the  long  dike  at  the  head  of  Baleshed  Chute  and  four  (partial) 
cross-dikes  in  the  chute  had  been  driven  during  the  low  water  of  1883,  and  aro  reported 
in  last  annual  report  of  work  done.  AH  the  dikes  of  1886  wero  low,  reaching  to  the 
17-foot  stage  on  tne  Providenoe  gauge.  In  February,  1863,  work  was  resumed  at  high 
water  upon  this  system,  and  has  been  prosecuted  oontinnonsly  to  date.  At  high  water 
a  strong  tendency  on  the  part  of  the  river  to  pass  behind  Baleshed  Bar  was  exhibited 
and  the  chute  began  to  enlarge.  In  resuming  work  at  high  water,  to  prevent  this 
change  of  channel,  much  difflcnltv  was  experienced  from  dmt,  and  many  of  the  piles 
washed  oat  as  fast  as  driven.  A  lodgment,  however,  was  at  last  efieoted.  and  by 
September  of  this  year  some  28,000  feet  of  pile  dike  had  been  oonstmcted  ana  a  great 
till  had  been  secured. 
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Of  tbe  cro88-dikt)A,  six  extend  from  the  maiD  dike  across  to  the  Mississippi  shore, 
«Dd  mx  are  still  incumplete,  not  having  been  extended  across  the  chute  on  account  of 
deep  Wt*t-er. 

At  the  head  of  the  system  the  main  dike  is  built  of  three  rows  of  braced  piles,  but 
on  the  highest  part  of  the  bar  it  is  only  of  two  rows.  The  cross-dikes  at  head  are  of 
three,  four,  ana  five  rows,  the  better  to  withstand  drift,  and  are  protected  at  foot 
with  thick  foot-mats.  The  high  dikes  all  reach  to  or  above  the  2o-foot  stage,  and  for 
6  feet  above  the  present  bar  surface  are  now  being  closely  wattled  to  secure  deposits 
of  mud  for  the  sustenance  of  willows,  which  have  already  begun  to  make  their  appear- 
ance. 

On  the  decline  in  the  river  the  deposits  behind  the  long  dikes  were  cut  in  channels 
by  the  water  seeking  the  deep  chute  behind  Baleshed  Bar ;  in  several  places  at  head, 
and  here  also,  the  main  dike  is  being  closely  wattled  to  prevent  this  action. 

In  front  of  the  main  dike  a  mattress,  ranging  in  width  from  100  feet  at  head  to  60 
feet  ar-  foot,  has  been  laid  to  prevent  longitudinal  scour,  and  in  places  where  the  water 
falU  through  the  dike  into  Baleshed  Chute,  grillage-mats  have  also  been  placed. 

Along  this  system  the  local  effects  of  main  and  cross-dikes  can  be  well  studied,  as 
well  HS  the  influence  of  drift  as  an  enemy  or  as  an  aid  to  these  constructions,  the 
<:roiis-<likes  driven  at  high  water  having  caught  much  of  it.  This  will  be  spoken  of 
hereaft«'r  in  this  report. 

The  effect  of  the  dikes  of  this  Baleshed  system  has  been  all  that  could  be  expected. 
Althouffh  open,  i,  «.,  not  wattled  or  curtained,  they  have  caused  a  great  fill  behind 
them,  have  extended  the  baf^both  at  head  and  foot,  and  thrown  the  current  well  over 
to  the  Louisiana  shore,  opposite  the  head  of  Stack  Island,  and  have  perhaps  rendered 
the  permanent  clorure  of  that  chute,  which  is  now  83  feet  deep  at  low  water,  a  pos- 
sibility iu  the  future,  the  main  channel  of  the  river  having  already  been  diverted  or 
deflected  from  that  chute  by  these  works,  aided  by  the  dikes  reaching  fh>m  the  foot 
of  Baleshed  Bar  to  the  head  of  Stack  Island,  and  the  short  dikes  on  the  opposite  side 
of  the  river  at  Elton. 

The  proposed  channel  at  the  head  of  Stack  Island  was  projected  through  the  crest 
of  Hopewell  Bar,  and  the  change  here  has  been  a  remarkable  one.  The  Stack  Island 
Chute  next  the  Mississippi  shore  was  80  feet  deep  at  low  water.  The  Elton  Chute, 
along  the  opposite  or  Louisiana  shore,  was  also  deep,  exceeding  30  feet  at  low  water, 
and  the  Hopewell  Bar  filled  up  the  great.er  part  of  the  main  projected  channal- way. 

An  open  dike  was  built  above  the  head  of  Stack  Island  on  the  crest  of  the  crossing 
or  weir,  and  a  series  of  six  short  sp^ir-dikes  across  the  head  of  the  Elton  Chute.  At 
high  water  these  dikes  induced  a  deposit,  as  shown  on  the  map  of  the  April  survey 
herewith,  and  the  main  river  cut  its  channel  to  the  right  of  the  island,  us  projected, 
removing  immense  deposits  of  sand.  For  some  time  this  ^maiiu  channel  was  more 
«hoal  than  either  of  the  chutes  next  shore,  or  the  river  ran  iu  a  trough  excavated 
through  a  monnd  in  the  middle  of  the  river.  The  tendency  is  to  cut  across  the  nar- 
row ridge  at  the  head  of  Stack  Island,  and  to  fall  back  into  the  deep  trough  behind 
that  island. 

The  dike  work  so  far  built  here,  at  Stack  Island  and  Elton,  is  insignificant  in  char- 
acter and  must  be  very  materially  extended  and  made  both  stronger  and  less  permea- 
ble in  order  to  permanently  keep  the  river  out  of  the  chute. 

Although  the  works  have  been  nearly  altogether  open  pile-dikes,  the  effects  on  the 
reach  have  been  very  marked  in  deepening  the  channel. 

During  the  last  low  water  there  was  a  good  channel  not  less  than  15  feet  in  depth 
throughout  the  reach,  and  navigation  was  without  a  hindrance  anywhere. 

There  are  attached  hereto  tables  giving  all  the  work  done  on  the  reach,  prepared 
by  Assistant  Engineer  Hider,  who  has  also  given  a  detailed  description  of  all  cou- 
etructions  used. 

The  machines  and  appliances  used  on  the  work  have  been  the  same  as  heretofore, 
with  the  exception  of  an  appliance  for  holding  the  head  of  a  mattress  in  swift  water 
during  constroction,  and  until  it  is  safely  sunk  to  the  bottom  of  the  river.  This  con- 
sists m  a  strong  truss  floating  at  the  head  of  the  mattress,  to  the  lower  chord  of  which 
the  mattress  is  attached  every  8  feet  by  rings  and  tripping-hooks,  the  latter  of  which 
«an  all  be  tripped  simultaneously  bj'  a  rod  attached  to  a  lever  at  the  shora  end  of  the 
truss  and  the  truss  released  from  the  mat*  A  modification  of  the  hurdle-mattress 
has  also  been  found  necessary  in  the  deep  and  swift  currents  encountered.  This  mod- 
ification consists  in  running  ulongside  the  poles  on  which  the  mattress  is  woven  con- 
tinuous lines  of  iron  rods,  25  feet  in  length,  connected  by  lap-rings  and  clevises,  the 
rods  ranging  in  diameter  from  |  to  f  of  an  inch.  Drawings  and  descriptions  of  t^is 
mattress  ana  mattress-head  are  herewith.  They  have  been  used  successfuUv  at  Pil- 
oher's  Point,  as  may  be  seen  from  Assistant  Engineer  Turtle's  report  herewith. 

The  detachable  mattreet-head  is  a  great  assistanoe  in  sinking,  without  danger,  the 
heads  of  continuous  mats  in  swift  currents. 

Modifications  have  also  been  foond  necessary  In  the  pile-dikes,  which  are  now  pro- 
vided with  thick  foot-mats,  and  are  built  of  three  rows,  sometimes  of  five  rows,  in  all 
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exposed  places.  In  three-row  cross-clikea  the  wattline  is  placed  on  the  middle  row,  or 
along  the  middle  line  of  the  foot-mat.  la  five-row  diKes  it  is  proposed  to  wattle  the 
second  and  fourth  ro  « s/  The  latter  constrnction  is  proposed  for  closing  chutes,  the 
two- wattled  rows  representing  two  cross-dikes  with  a  short  pool  between  them,  gain- 
ing the  advantage  of  wider  foot-mats  and  stronger  anchorage  over  two  cross-dikes  of 
less  width  far:  her  apart. 

The  vertical  close  wattling  has  been  adopted  instead  of  inclined  mats,  or  curt^inSr 
as  lirst  used,  on  account  of  the  greater  cheapness  of  the  constrnction,  as  less  material 
is  require(L  An  eddy  will  be  produced  under  the  lip  or  crest  of  the  wattling  when 
the  water  passes  over  the  wattling.  At  the  first  stages  of  the  till  below  the  dikes 
there  will  be  a  trough  immediately  below  the  wattling,  due  to  this  eddy,  but  after  the 
fill  above  and  below  reaches  the  level  of  the  top  of  the  wattled  portion  of  the  dike 
these  troughs  will  evidently  fill  up  even  with  the  top  of  the  general  fill  and  the 
wattling  be  covered. 

All  the  results  accomplished  on  the  Lake  Providence  Reach  have  been  by  open 
dikes,  mostly  without  either  screens  or  foot-mats.  It  is  certain  that  the  enrrents  can 
be  reduced  in  velocity  by  piles  alone  until  they  are  too  gentle  to  scour  much  at  the 
foot,  of  the  dikes,  and  that  piles  alone  offer  sufiScient  obstruction  to  cause  great 
fills  behind  them.  When  the  dikes  are  mattressed  at  the  foot  there  is  danger  that  if 
the  work  is  not  a  success  the  mats  will  remain  a  permanent  obstruction  to  naviga- 
tion. 

It  seems  that  it  is  better  to  secure  the  fill,  if  possible,  by  means  which  cannot  by 
liny  possibility  be  damaging  if  they  fail,  and  afterwards,  with  an  expenditure  of 
much  less  material  than  necessary  to  mattress  and  wattle  or  curtain  all  the  dikes,  to 
mattress  only  the  proper  parts  of  the  new  banks  secured,  or  else  in  the  first  construc- 
tion to  restrict  the  brush  work  to  important  parts  of  the  dikes  only.  The  necessity 
for  mattressing  and  wattling  pile  dikes  causes  great  delay  to  the  revetment  of  banks : 
causes  the  time,  labor,  material,  and  means  to  be  expended  to  protect  cottonwood 

Siles  that  can  last  but  two  years  at  best,  when  our  efforts  would  be  more  profitably 
irected  to  the  bank  work,  which  is  more  of  a  finality.  It  is  my  impression  that  no 
pile  work  is  worth  the  extra  expense  of  mattressing,  except  strong  dikes  placed  in 
chutes  to  dose  them,  and  the  main  lines  along  the  proposed  new  banks.  Those  for 
closing  chutes  should  be  built  of  cypress  pi^,  well  braced  to  stand  any  pressure 
that  may  be  brought  against  them,  neavily  mattressed  at  foot  against  scour,  and 
wattled  or  thickly  curtamed  to  form  permeable  or  submergible  dams. 

DRIFT-WOOD. 

During  the  early  part  of  the  rise  last  February,  fields  of  drift  were  brought  down 
by  the  flood  and  lodged  against  onr  piling.  Most  of  this,  on  the  further  rise,  was  re- 
leased and  floated  past,  but  on  two  of  the  cross-dikes  on  Baleshed  Bar  there  were 
great  accumulations.  These  dikes  were  only  of  two  rows  of  piles,  not  provided  with 
mats  at  bottom,  and  but  insecurely  braced.  They  were  strengthened  by  additional 
rows  of  piles  driven  behind  them,  and  the  drift  held  by  them.  At  first  small  parts  of 
the  dikes  at  the  ends  were  broken  away,  but  it  has  not  been  ascertained  whether  by 
natural  scour  around  the  outer  ends  of  the  spur  dikes,  or  by  impact  of  drift.  The 
great  mass  of  the  drift  accumulation  was  retained,  and  still  remains  above  these 
dikes.  Afterwards  drift  in  smaller  quantities  lodged  against  the  high  cross-dikes  in 
Baleshed  Chute,  and  in  one  or  two  oases  gaps  were  washed  out  in  the  dikes,  due  to 
its  influence. 

In  all  cases  where  considerable  quantities  of  drift  accumulated  at  high  water  there 
has  not  only  not  been  any  scour  under  the  drift,  but  there  has  been  a  considerable 
fill,  both  under  the  drift  and  below  it. 

The  action  of  the  drift  on  the  currents  and  dikes  seems  to  be  this :  If  in  small  quan  - 
titles,  extending  a  few  feet  only  above  the  dike,  and  of  moderate  depth,  it  acts  as  a 
barrier  with  an  aperture  underneath ;  the  head  of  water  is  increased  by  the  barrier 
and  the  current  under  it  directed  against  the  bottom  at  the  foot  of  the  piles,  which ^ 
under  these  circumstances,  if  not  protected,  are  likely  to  scour  out.  When  the  accu- 
mulation gets  larger  the  friction  of  the  drift  and  bottom  is  more  than  sufficient  to  kill 
the  current  due  to  the  hydrostatic  head  formed  by  the  resistance  of  the  drift  to  the 
current,  flowing  down  upon  it,  and  the  water  flowing  under  the  drift  heap  runs  with 
less  velocity  than  t>efore,  and  deposits  sediment.  The  main  body  of  the  water  then 
flows  off  along  the  sides  of  the  drift  obstruction,  and  endangers  the  piles  on  the  flanks 
of  the  accumulations.  A  small  quantity  of  drift,  then,  is  dangerous;  a  large  quaptity 
is  a  help  and  an  aid.  If  pile  discs  are  then  built  sufficiently  strong  to  withstand  the, 
impact  of  the  drift,  and  protected  at  foot  sufficiently  to  stand  the  scour  conseqnent 
upon  the  first  small  accumulations,  this  material  may  be  made  a  very  important  part 
or  our  resources  in  filling  up  chutes  and  building  bars. 

I  do  not  know  of  any  case  on  the  Providence  Reach  where  piling  yielded  to  prewur^ 
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«/  dnftf  bat  there  were  casf s  where  dikes  were  broken  by  the  force  of  impaot,  and 
others  by  scoarf  caused  by  small  driflt  accumulations.  There  are  other  oases  where 
the  flotation  of  drift  is  supposed  to  have  pulled  piles  out  as  the  water  rose. 

FINANCIAL  8TATEMKNT. 

< 

Lake  Providence  Beach, 

Balance  from  previous  appropiiatious tl3, 573  85 

Allotment  nnder  act  of  August,  1882 650,000  00 

New  Madrid  allotment  ( transferred ) 187, 500  00 

Additional  allotment  from  unallotted  reserve 112, 500  00 

1963, 573  8S 

Ex^ionded  by  Captain  Marshall,  from  July  1,  1882,  to  December  1,  1882: 

Plant  and  tools $23,068  48 

Piles,  coal,  &c 3,873  15 

Services 46,061  80 

Tow-boat  service 5,492  03 

Subsistence 6,968  3:^ 

Miscellaneous 1,611  44 

Total 87,075  23 

Expended  by  Captain  Marshall,  from  December  1,  1882,  to  November  1, 
1883: 

Plant  and  tools 163.766  26 

Brush,  piles,  &c 77.516  84 

Services:  Construction 152,050  43 

Surveys 7,222  07 

Office  and  headquarters 10,433  64 

Tow-boats  (including  charter) 17, 454  1 1 

Snag-boat 625  32 

Medical  attendance  (including  drugs) 1, 626  06 

Subsistence 22,774  61 

^liscellaneons  (inclnding  transportation,  traveling  ex- 
penses, &c) 7,170  02 

Total 360,639  36 

Expended  by  Captain  Marshall: 

From  July  1,  1882  to  December  1,  1882 $87,075  23 

From  December  1, 1882,  to  November  1, 1883 360,639  36 

447, 714  59 
Expended  by  Captain  Sears 359,531  33 

Total  expenditures 807,245  92 

Balance  available  November  1,  1883 156,327  93 

Balance  in  Treasury 137,000  00 

Balance  in  hands  of  Captain  Sears ......^ 4,700  78 

JBalance  in  hands  of  Captain  Marshall 14,627  15 

156.327  93 
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The  following  expenditures  were  made  by  the  executive  offioer,  Missifisippi  River 
Commission,  for  floating  property,  &c.,  fur  use  on  liuke  Providence  Beach : 


DeMsription. 


a  '  ^^Sor**  Total  cost 


£ 


Date  of  iwymeot. 


Marks  and  numbvni. 


I 


U     $2, 000  00     $22, 000  00 


Total 


Uaur«M-boat« . 
Steam  tow-boat 
Quarter-boats.. 


SkiffM  with  on  IS. 


Total 


Klectric  light  and  outfit. 

Anchors  

Outfit  of  qnarters,  boats 
and  other  plant 


8 
2 
1 
4 


2,400  00 
1.060  00 
1,800  00 
2, 000  00 


19, 200  00 
8,  ifM  00 
1,  SOO  00 
8, (NO  00 


Dec,  1882,  to  Mar.,  1883  .*  7T,  '8,  '8.  80,  '1,  *2,  '3,  '4, 

Jim.  to  &Ur.,  1688 88, 91, 154, '9,  (1,7, '8, '9. 

Jiine,18H8 i  50,60. 

Mar.,  1888 !  194. 

Kotlmown ..;  185, '6, 7, '8. 


26    '    54,42000 


2  6.000  00 
1  17,404  00 
4,000  00 


18,800  00 
17,404  00 
16,000  00 


5 

10 

8 


20  00 
20  25 
25  50 


100  00  : 
202  50  ! 
204  00  ' 


606  50 


988  50 


Total 


038  50 

865  58 

3,920  10 


107, 854  66 


Jane  to  Aug.,  1388 

Jan.,  1883 

Apr.,  1883 

Jan.,  1883 

Jiilj,1883   

Aug.,  1883 

Jnne,t883 

Mar.  to  Apr.,  1888 

Jan.  to  Jnne,  1883 


30.81. 

DePaaw.now  Vidalia. 

21,  X  '8,  '4. 


Barees  Nos.  135, 136, 137, 138,  in  use  on  Lake  Providence  Reach,  were  paid  for  out  of 
Memphis  allotnieut ;  four,  at  |2,000=$H,000. 

This  list  does  not  include  plant  bought  for  general  service  out  of  Lake  Providence 
allotment. 

RKVETMKNT  AT  DELTA  POINT. 

This  work  during  the  last  year  was  carried  on  under  the  immediate  direction  of 
Assistant  Engineer  H.  St.  L.  Copp^e,  and  was  a  continnation  of  the  work  begun  in 
1878,  under  the  supervision  of  Ma).  W.  H.  H.  Benyanid,  Corps  of  Engineers,  in  accord- 
ance with  the  recommendation  of  the  Board  of  Engineers  upon  the  Restoration  of  the 
Harbor  of  Vlcksbnrg,  published  in  the  report  of  the  Chief  of  Engineers  for  1678. 

The  rei>ort  of  Mr.  Copp<^e  herewith  is  full  and  details  at  length  the  work  done. 

A  description  of  the  methods  employed  was  given  by  Mr.  Copp^  in  the  last  annual 
report  of  tne  Commission,  at  whlcn  time  about  1,100  feet  of  the  work  was  completed. 
From  the  date  of  that  report  (  December  I.  1^'^)  work  progressed  continnoasly  until 
February  10, 1883,  when  tlie  allotment  had  oeen  expended.  The  plant  was  then  trans> 
ferred  to  Wilson's  Point,  La. 

The  work  during  the  past  year  was  carried  on  in  the  same  manner  as  described  in 
the  former  report,  with  t-lie  exception  that  the  piles  through  the  shore  edges  of  th& 
mats  were  omitted,  in  order  that  if  high  water  snould  find  the  work  inoompleto,  con- 
tinuous mats  might  be  sunk  without  interrnption.  overlappinjK  the  low-water  mat- 
tress, and  with  the  further  exception  that  a  mud  flat  some  250  feet  wide,  below  the 
old  bank,  was  not  revetted  above  the  12-foot  stage ;  also  the  npper  bank  revetment 
of  the  last  625  feet  consisted  of  a  woven  hurdle-mat  sunk  at  hi^  water,  reaching  to 
the  3s^-foot  stiige,  instead  of  the  usual  upper  bank  revetment  which  could  not  then  1»e 
placed. 

The  work  was  carried  several  hundreds  of  feet  below  the  head  of  the  sand-bar  at  the 
point  at  low  water. 

The  low  water  jusc  passed  revealed  that  the  work  done  under  the  Commissiotk 
stood  intact,  but  that  tne  mud  flat  mentioned  above  should  be  covered  with  bnisb 
and  stone  t^i  prevent  a  possible  eddy-cut  around  the  revetted  old  bank. 

A  small  portion  of  the  dike  built  in  1879  at  the  projecting  point  itself  has  fallen  in, 
due,  probably,  to  the  rotting  away  of  the  thick  brush  mats  of  which  the  dike  waa 

Erincipally  built.  In  all,  about  500  linear  feet  of  brush  and  stone  patch-work  should 
e  done  to  secure  the  work  against  another  flood.  In  all,  about  4,000  feet  of  revet- 
ment measured  along  the  bank  was  laid,  costing,  including  additional  quarters  on 
shore,  oum  qnnrter-lioat,  and  the  redeckiug  of  one  barge,  towing,  sttperiiitendenee, 
t4Nils  transit>rred  to  Wilscm's  Poini,  La.,  £c.,  |75,7G2.49,  or  |18^5  per  linear  fiNit. 
Mr.  Coppde  estimates  the  aotnal  cost  of  IalH>r,  subsistence,  towing,  and  material  tus 
$13.87  per  linear  foot,  a«  the  actual  eott  of  the  work  done. 
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FINANCIAL  STATEMENT. 

By  act  approTedJune  18, 1878 $84,000  00 

By  act  approved  March  3, 1879 50,000  00 

By  act  approved  June  14,  1880 20,000  00 

By  act  approved  March.3, 1881 75,000  00 

By  allotmenta  from  appropriation  for  improving  Misaimippi  River,  An- 

gU8t2,  1882 50,000  OO 

ToUl 279,000  OO 

Kxpended  prior  to  December  1,  1882 231,242  17 

Balance  available  December  1,  1882 47,757  8a 

Expended  since  December  1,  1882: 

For  plant  and  tools •1,335  39 

For  services 28,781  46 

For  subsistence 6,318  46 

For  stone  and  coal 12,260  92 

For  charter  of  tow-boats,  &c 3,408  37 

For  oflBce  supplies 257  57 

Miscellaneous  (including  traveling  expenses,  transporta- 
tion, qnarteni,  mule  hire,  d^c) 1,388  03 

Total 47,750  1^ 

Balance  available  November  1,1883 7  64 

DREDGING  IN  VICKSBURG  HARBOR. 

Under  the  allotment  of  $100,000  made  by  the  Commission  from  the  general  appro- 
priation for  improving  Mississippi  River,  and  the  project  adopted  by  them  Septemoer, 
1882,  bids  were  solicited  for  dredging,  and  received  and  opened  Just  before  the  date 
of  the  last  annual  report.  An  abstract  of  the  bids  received  was  published  in  the  last 
report  of  the  Commission. 

The  project  for  this  work  was  to  excavate  a  basin  300  feet  wide,  1,700  feet  long  in 
front  oi  the  elevator ;  a  canal  150  feet  wide  from  this  basin  to  deep  water  in  the  lake,, 
and  to  keep  open  the  west  entrance  to  the  lake.  The  dredging  to  be  done  to  the 
zero  of  the  yioksbnr|^  gau^e. 

-  The  lowest  responsible  bidder  for  this  work  was  Mr.  Rittenhouse  Moore,  of  Mobile,. 
Ala.,  12.1  cents.  The  next  lowest,  S.  N.  Kimball,  of  Mobile,  Ala.,  at  18f.  The  third, 
Fobes  &  Co., of  Baltimore,  Md.,  at  19  cents  per  cubic  yard.  Of  the  three,  Moor» 
stated  that  he  could  not  begin  work  untQ  February  10;  Kimball  was  not  provided 
with  plant,  and  Fobes  &  Co.  expressed  their  abilitv  to  complete  the  work  by  June  30. 

As  the  possible  success  of  the  entire  project  for  the  year's  work  depended  upon  tho 
rapidity  with  which  the  work  could  be  done,  and  it  was  especially  necessary  thi^t  it 
should  be  coibpleted  before  the  decline  of  the  water  that  could  be  expected  in  July,, 
it  was  recommended  that  the  work  should  be  divided ;  one-half  to  Moore  at  his  bid, 
and  the  other  half  to  Kimball  or  Fobes  &,  Co.,  at  their  prices.  The  entire  contract 
was  awarded  to  Rittenhouse  Moore,  of  Mobile,  Ala.,  the  lowest  responsible  bidder,, 
who  was  unable  to  begin  at  the  time  required,  prosecute  the  work  with  the  vigor  re- 
quired under  the  specifications,  or  complete  it  within  the  time  specified.  The  work 
by  the  contractor  was  not  begun  until  April  5, 1883,  and  was  prosecuted,  with  many 
delavs,  until  September  18,  1883,  when,  on  account  of  the  rapid  decline  of  the  river,, 
the  dredffing  w^is  necessarily  suspended,  less  than  one- half  the  required  work  having 
been  performed. 

For  reasons  to  be  given  hereafter  in  this  report,  the  contract  was  then  allowed  to- 
expire^  350,035  cubic  jards  having  been  removed. 

During  the  period  covered  by, the  dredging  operations,  the  basin  was  excavated 
down  to  the  zero  of  the  gauge  for  a  width  of  IW  feet,  and  four  additional  cuts;  or  160- 
feet,  taken  down  to  the  -|r5'  place,  80  feet  in  width  of  the  canal  was  excavated  to 
the  zero  plane,  and  an  attempt  was  made  to  excavate  the  West  Pass,  which  since  the- 
previous  low  water  had  filled  until  the  depth  of  cut  required  was  about  17  feet.  The 
attempt  failed  for  want  of  proper  facilities  for  removing  the  material  excavated,  which 
was  of  pure  sand,  and  the  work  there  was  ordered  abandoned  by  the  construction  com- 
mittee ifississippi  River  Commission,  August  22, 1883. 

In  consequence  of  the  failure  of  the  dredging  operations  at  West  Pass,  and  the  in- 
eomolete  condition  of  the  basin,  the  wharf-Mat  was  removed  from  the  upper  landing 
to  Kleinston,  Aogust  7, 1883,  when  the  river  stood  at  23.7  feet  on  the  Vicksliurg  gauge^ 
and  the  minor  boats  •nnrere  excluded  from  the.hartior  a  fe.w  days  later,  or  after  tba 
river  reached  the  90-foot  stage  at  Vicksbnrg. 
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On  the  decline  of  the  water  below  the  edges  of  the  excavated  area  extensive  slough- 
ing and  sliding  inwards  of  the  mud  deposit  composing  its  side  took  place,  and  on 
account  of  its  semi-fluidity,  or  plasticity,  tne  weight  of  the  banks  themselves  caused  an 
upheaval  at  the  bottom  nntil  the  slopes  reached  the  inclination  of  4,  iV^  ^^^  ^  places 
1^,  This  upheaval  was  greatest  in  the  deepest  part  of  the  excavation,  on  account  of 
the  weight  of  the  high  deposit  along  the  Vicksburg  front,  which  sunk  down  vertically 
from  6  to  8  feet.  The  upheaval  here  amounted  to  as  much  as  8  feet.  This  material 
was  again  removed  to  the  zero  plane  for  a  width  of  80  feet  by  the  dredge  prior  lo 
stopping  work. 

The  sides  of  the  excavated  area  are  now  quite  regular,  with  nearly  uniform  slopes 
of  one  vertical  to  eight  horizontal. 

The  efflux  of  water  through  the  narrow  and  shallow  cut  made  by  the  dredge  at  the 
West  Pass  was  sufficient  to  keep  the  sand-bar  cut  down  as  the  river  fell,  and  small 
hoats  beffaii  again  to  make  their  appearance  in  the  harbor  on  the  first  rise  of  three 
a.ud  a  half  feet.  At  the  12-foot  staffe  steamers  drawing  5  feet  of  wat-or  now  land  at 
the  wharf-boat  landing  in  front  of  tne  city,  turn  in  the  basin,  and  go  out  through  the 
canal  and  cut  at  the  West  Pass.  Larger  boats,  it  is  expected,  will  make  their  ap- 
pearance at  a  lower  stage  of  water  than  for  several  years.  To  tnis  extent  the  dredg- 
ing has  been  a  success,  and  the  benefits  so  far  secured  will  probably  more  than  repay 
the  expenditure,  if  the  West  Pass  does  not  fill  up  at  ooce  with  sand  on  the  first  ris*^. 

The  rapid  filling  of  the  harbor  on  the  declining  river,  as  well  as  the  unexpectedly 
fiat  slopes  assumed  by  the  sides  of  the  dredged  area,  making  it  evident  that  the  cost 
of  the  present  project  would  be  very  materially  greater  than  contemplated,  and  tem- 
porary advanti^^e  from  dredging  during  the  present  low- water  season  being  doubtful, 
It  was  recommended  to  the  Commission  that  the  present  contract  for  dredging  be 
Allowed  to  expire  on  the  dat<e  specified  therein  and  the  work  abandoned ;  which  rec- 
ommendation was  approved  so  far  as  to  terminate  the  contract. 

Early  in  September  a  survey  party  was  organized  by  Assistant  Engineer  Copp^e, 
and  in  accordauce  with  the  resolutions  of  the  Committsion  passed  in  June,  1883,  a  low- 
water  survey  of  the  area  ailiacent  to  the  proposed  works  was  made.  The  results  of 
the  survey  are  stated  in  full  in  Mr.  Copp^e's  report  herewith. 

The  main  facts  thereby  shown  are  these ; 

There  has  been  a  fill  within  the  area  covered  by  the  proposed  canal  and  basin 
ranging  fit>m  five  feet  to  twenty  feet  in  depth,  the  greatest  fill  being  near  the  river. 

This  fill  within  the  limits  of  the  proposed  canal  amounts  to  1,255,486.4  cubic  yards, 
or  the  amount  to  be  removed  has  been  increased  that  much  by  the  cause  mentioned 
in  the  past  year. 

The  river  has  been  thrown  over  against  the  bar  at  the  West  Entrance,  and  has  cut 
down  a  deep  tongue-shaped  trough  through  the  center  of  last  year's  bar,  cut  down 
its  crest  near  the  Mississippi  shore,  and  piled  np  a  barrier  witn  a  nearly  horizontal 
crest  across  the  southwest  end  of  the  lake.  The  tendency  of  the  river  is  to  cut  away 
Young's  Point  and  the  sand-bar  above  Delta,  and  make  its  bend  further  in  towards 
VicksDutg,  lengthening  its  radins  of  curvature.  This  change  will  necessitate  more 
extensive  revetment  of  banks  above  Delta  to  protect  the  work  already  done.  The 
amount  of  the  change  will  not  probably  materially  shorten  the  distance  fh>m  Yicks- 
burff  to  deep  water  S>r  many  years. 

The  increased  eddy  current  around  De  Soto  Island,  and  the  consequent  increased 
fill  in  the  harbor  of  Vioksburg,  results  directly  from  the  changes  at  Young's  Point* 
This  current  will  evidently  increase  as  the  water  is  thrown  further  in  towards  Vicks- 
bnrg,  nntil  the  access  of  water  to  the  lake  is  entirely  cut  off  by  the  deposit.  The 
river  is  now  rapidly  developing  its  new  high- water  shore-line  across  the  ends  of  the  lake. 

Soundings  made  in  May  revealed  at  that  time  an  average  fill  of  only  about  one  foot 
on  the  VicKsburg  front,  so  that  the  great  fill,  shown  by  Copp^e's  recent  survey,  took 
place  principally  on  the  decline  of  the  water  after  June  1.  Tnis,  if  it  always  happens, 
18  a  very  important  fact  in  connection  with  fnrther  dredging  operations  in  the  harbor. 
For  if  tne  bulk  of  the  annual  fill  must  be  removed  eacn  year  after  June  1,  or  on  the 
decline  of  the  river,  which  is  always  rapid,  or  during  low  water,  the  project  to  main- 
tain continuous  navigation  by  annual  dredging  wonld  seem  impracticable,  for  the 
deposit  in  that  case  does  not  take  place  betbre  its  removal  U  necessary,  nor  can  it  be 
removed  much  before  the  rise  in  tne  river  in  the  late  fall  restores  navijj^ation.  The 
most  that  seems  practicable  by  dredging  alone  under  these  conditions  is  to  prolong 
the  season  of  navigation,  and  to  hasten  the  retnrn  each  year  of  the  steamers  to  the 
Upper  Lauding. 

It  will  therefore  be  necessary  to  introduce  some  scouring  force,  as  the  Yazoo  River, 
or  to  eftect  the  third  and  final  step  proposed  by  the  Board  of  Engineers  of  1877,  in 
order  that  a  current  outwards  may  be  had  to  prevent  ingress  of  mud  and  to  keep  a 
channel  scoured  out. 

If  this  is  to  be  done  by  annual  appropriations  these  appropriations  must  be  suffi- 
cient to  allow  the  annual  fill  during  the  progress  of  the  work  to  be  removed — at 
present  rates  this  will^  cost  over  $*2uO,000  per  annum — and  also  at  the  same  time,  to 
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avoid  this  recurring  expense,   to  make  rapid  progress  on  the  inaiu  work  itself 
i.  e.,  the  excavation  of  the  channel  for  the  Yazoo  from  Old  River  to  Centennial  Lake, 
and  from  Centennial  Lake  to  deep  water  in  the  river. 

In  the  estimates  prepared  by  the  Board  of  Engineers  in  1B77  the  cost  of  the  diver- 
sion of  the  Yazoo  via  the  dead  end  of  Old  River  is  placed  at  $1,600,000.  The  removal 
of  the  deposit  from  the  line  of  the  canal  is  estimated  (now)  to  cost  $7()6,000,  with  a 
probable  annual  expenditure  to  maintain  an  open  canal  of  about  $2U0,CU0,  or  say,  if 
the  work  be  done  simultaneously  and  at  once,  $2,600,000.  The  asse.M8tMl  valuation  of 
the  city  of  Vicksburg,  real  estate  only,  was  for  last  year  (1882)  $2,459,000.  The 
present  steamboat  landing  is  about  4,800  feet  below  the  elevator.  Annual  value  of 
the  commerce  of  the  city,  about  $10,500,000. 

There  is  still  another  scheme  which  finds  favor  in  Vicksburg— as  does,  indeed,  any 
plan  for  restoring  its  water  front — and  it  is  this,  that  sii  ce  the  river  has  now  deter- 
mined that  Vicksburg  is  on  the  dead  end  of  the  cut  off.  and  the  expense  of  damming 
off  the  Mississippi  mud  at  that  end  is  small  compared  iivith  the  expense  of  dredging 
out  the  deposit,  let  the  Yazoo  be  diverted  and  allowed  to  go  out  at  the  West  Pass  and 
a  boat  ))a8sage  be  dredged  from  the  city  front  to  the  deep  water  in  the  then  live  end 
of  the  lake.  This  would  reduce  the  probable  expense  about  one-third  and  allow  the 
diversion  of  th«  Yazoo  to  be  made  with  advantage  to  the  city  prior  to  excavating  the 
necessary  basin  and  canal  from  deep  water  in  the  lake  along  the  city  front  to  deep 
water  in  the  river,  or  it  would  make  the  two  works  independent  of  each  other.  The 
disadvantages  of  placing  the  town  at  the  dead  end  of  the  cut*off  are  evident,  but  the 
scheme  is  advantageous  from  the  above  considerations  and  from  the  further  fact  that 
it  is  not  opposed  to  the  canal  for  the  Yazoo  ultimately  along  the  city  front,  thePwest 
entrance  requiring  only  to  be  stopped  for  one  low- water  season,  and  the  canal  in  front 
of  the  city  to  be  prosecuted  to  completion,  to  effect  this  end  as  proposed. 

If  this  scheme  were  executed  it  would  be  advantageous  to  put  all  dredged  material 
along  the  crast  of  tbe  mud-bar  and  across  the  line  of  the  proposed  canal  in  front  of 
the  town,  near  Ryan's  mill,  to  shut  off  ingresM  of  muddy  water,  where  it  now  requires 
a  dam  from  16  to  24  feet  in  height  to  entirely  close  that  line  at  ordinary  high  water. 
The  west  arm  of  the  lake,  formed  by  the  cut-off,  is  gradually  shoaling  behind  the  bar, 
and  here  also  there  might  be  considerable  dredging  required  before  the  deposit  is  of 
sufficient  depth  to  allow  a  detined  channel  for  the  diverted  river,  or  rather  before  the 
new  banks  of  the  Yazoo  are  formed  by  the  contraction  due  to  the  slow  deposit. 

Every  scheme,  however,  having  in  view  the  diversion  of  the  Yazoo  or  the  execution 
of  a  canal,  involves  annual  dredging  to  maintain  the  proposed  works.  At  the  present 
mouth  of  the  Yazoo  this  past  low  water  there  was  only  four  feet  of  water.  Boats 
diawing  three  feet  struck  and  encountered  difficulty,  and  it  is  not  to  be  presumed 
that  it  will  be  deeper  at  the  proposed  mouth. 

The  training  of  the  Mississippi  by  deflecting  or  silting  dikes  and  revetments  above 
Delta  Point  and  at  Young's  Point  is  also  proposed  for  the  pnrpose  of  bringing  the 
river  farther  in  towards  the  town,  but  the  cost  and  result  of  such  works  are  still  more 
problemai  leal  and  less  adapted  to  close  estimatas;  the  works  wonld  be  tentative  and 
costly.  It  is  practicable,  however,  to  maintain  the  river  where  it  is,  at  least  for  many 
years,  and  h  is  to  this  work  that  it  seems  advisable  to  direct  our  efforts  until  doubt 
as  to  the  sufficiency  of  the  works  for  that  end  is  removed. 

With  reference  to  the  further  prosecution  of  work  here,  then,  the  following  propo- 
sitions have  been  made,  and  are  given  in  the  order  of  cost: 

Ist.  Abandon  the  '* restoration''  of  Vicksburg  Harbor  and  maintain  the  low- water 
landing  at  Kleinston,  4,800  feet  below.  This  requires  constant  watching  and  care  of 
Delta  Point,  and  an  extension  of  the  revetment,  after  the  bar  above  has  cut  away  as 
far  up  stream  as  the  head  of  the  caving  in  this  bend.  All  other  projects  also  require 
this. 

2d.  Scrape  or  dredge  the  bar  at  West  Entrance  sufficiently  to  determine  the  line  of 
catting  down  due  to  the  efflux^of  water  during  the  falling  stages,  to  allow  an  earlier 
return  of  vessels  to  the  Vicksburg  front.  This  will  require  also  dredging  in  the  basin 
and  canal  dredged  this  year  to  a  greater  or  less  extent,  as  it  fills  up.  No  estimate  can 
be  made,  but  it  will  probably  not  be  less  than  $30,000  per  annum  after  the  first  year. 
Temporary. 

3d.  Divert  the  Yazoo  into  Centennial  Lake,  and  allow  its  current  to  flo^  out  at  West 
Pass,  and  keep  present  canal  and  basin  dredged.  Approximate  cost,  $1,850,000,  first 
cost,  and  annual  dredging  in  canal,  basin,  and  West  Pass  to  maintain  it.  If  the 
high-wat«'r  discharge  of  the  Yazoo  must  be  controlled,  this  estimate  will  be  increased. 
This  condition  would  make  the  scheme  impracticable. 

4th.  Divert  the  Yazoo,  close  the  West  Pass,  and  dredge  o  inal  and  basin  in  front  of 
the  city.  Estimated  at  $2,600,000,  with  annual  dredging  at  month  of  canal.  Same 
remark  concerning  high-water  control  of  the  Yazoo. 

The  condition  that  the  navigation  of  the  Yazoo  shall  not  be  interfered  with  by  the 
works  would  introduce  additional  difficulties  in  the  execution  of  any  scheme  involving  a 
diversion  of  the  Yasoo. 

H.  Ex.  37 27 
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The  cost  Of  any  work  for  the  permanent  restoration  of  the  harbor  of  Vicksbnrg  is  bo 
great  in  comparison  with  the  valae  of  the  general  commercial  interests  involved  that  I 
am  nnable  to  make  any  recommendation  in  the  matter,  but  the  scheme  tor  leaving  Vicks- 
bnrg at  the  dead  end  of  the  lake  seems  the  least  expensive  way  of  affording  even  partial 
relief  daring  declining  and  low-water  stages.  The  filling  in  rear  of  the  bar  at  the  West 
Entrance  will  soon  render  it  so  wide  and  of  snch  material  that  the  outflow  of  water  will 
&il  to  perform  the  work  noted  this  year.  The  cutting  out  there  daring  the  past  low 
water  results  from  the  fact  that  the  bar  was  very  narrow  and  of  pure  sand,  without  any 
cohesion  whatever  between  its  particles.  When  mixed  with  mud,  like  the  material  in 
rear  of  the  bar,  this  catting  will  be  very  much  reduced.  A  widening  of  the  crest  of  the 
bar  will  also  have  the  same  effect,  for  the  increased  friction  may  probably  even  convert 
the  bar  into  a  dam  before  the  force  of  the  outflow  on  the  decline  can  roll  the  sand  out  of 
the  way  or  cut  through  the  mad  deposits  in  rear. 


FINANCIAL  STATEMENT. 


• 


Amount  allotted  for  dredging  in  Vicksbnrg  Harbor $100,000  00 

Expended — 

For  contractor's  estimates $38,118  82 

For  services - 5,698  32 

For  advertising * 1 105  94 

For  office  supplies— _ 100  46 

f\)r  miscellaneous _.  498  86 

Total  expenditures 44,522  40 

Balance  available  November  1,  1883 55,477  60 

OONSTBUCriON  AND  BEPAIB  OF  THE  LEVEES  OF  THE  MLSSISSIPPI  BIVER,  TENSAS  AND 

YAZOO  FRONTS. 

A  complete  list  of  the  levee  contracts  awarded  by  the  War  Department,  in  accordance 
with  the  recommendations  of  the  Board  of  Engineers  that  convened  at  Memphis,  Tenn., 
September  4, 1832,  was  published  in  the  annual  report  of  the  Mississippi  River  Commis- 
sion for  1882. 

As  the  contracts  were  dated  October  3  and  October  23,  1882,  the  contractors  had 
'  barely  commenced  operations  at  the  date  of  the  last  annual  report  of  the  commission^ 
and  for  that  reason  the  entire  work  done  under  these  contracts,  and  under  the  last  ap- 
propriation, is  reported  in  this  report. 

In  the  latter  part  of  November  and  in  December,  greatly  increased  forces  were  placed 
upon  the  various  works  by  the  contractors,  who,  as  a  rule,  energetically  and,  considering 
the  short  time  during  which  work  could  be  done,  successfully  prosecuted  their  works, 
until  interrupted  by  the  flood  of  Febmaiy  and  March,  1883. 

The  great  bulk  of  the  earthwork  had  at  that  time  been  pnt  in  place,  but  the  follow- 
ing-named levees  were  caught  in  an  incomplete  condition,  and  some  losses  were  en- 
countered: 

On  the  Tensas  front,  in  Arkansas,  the  Panther  Forest  levee  had  been  completed  except 
the  sodding,  and  a  large  part  of  this  also  was  in  place  when  it  yielded  to  the  pressure 
during  a  rain-storm  on  February  22,  and  during  the  flood  2  miles  of  the  4,  or  about 
85,000  cubic  yards,  washed  away.  The  amount  of  funds  assigned  to  this  levee  was  in- 
sufficient to  build  it  of  sufficient  height  or  cross-section  to  withstand  the  pressure  of  the 
water  upon  the  material  composing  it.  This  was  a  very  light,  fine  silt  deposit  from  the 
river,  which  water,  in  its  unsettled  state,  soon  converted  into  a  semi-fluid  paste.  The 
levee  began  sloughing  at  rear  and  was  speedily  broken  through.  The  **  retained  per- 
cent>age '-  has  not  been  paid  to  the  contractor.  The  levee  would  inevitably  have  been 
carried  away  whether  the  **  sodding,"  which  really  is  only  a  planting  of  grass  sprouts  at 
considerable  intervals,  had  been  done  or  not.  The  contractor  was  a  planter  immediately 
behind  the  levee,  who  took  the  contract  to  insure  its  timely  completion. 

In  Louisiana,  on  the  Tensas  fronts  the  ^'Wilton  to  Raleigh '^  levee,  the  largest  and 
most  important  work  of  the  kind  in  the  district,  was  caught  by  the  flood  in  an  incom- 
plete state.  Of  the  4  miles  of  the  line  nearly  2  miles  had  been  untouched.  The  work 
had  been  purposely  prosecuted  so  as  to  throw  this  incomplete  portion  of  the  levee  be- 
hind a  remnant  of  the  old  levee  some  1,200  to  1,800  feet  nearer  the  river,  in  order  that 
if  floods  threatened  wings  or  flanks  might  be  thrown  back  to  this  old  levee  as  a  curtain. 
Immediately  upon  the  occurrence  of  the  great  flood  in  the  Ohio  River  an  order  was 
issued  to  the  contractors  to  hasten  the  oonstmction  of  these  works  of  protection,  which 
required  some  35,000  cubic  yards  of  earth,  to  complete.    The  upper  wing  was  completed 
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in  time  to  preserve  the  heavy  backshot  levee,  closing  the  "Alsatia*'  crevasse;  but  the 
lower,  closing  the  Edgwood  and  Illawara  crevasses,  was  carried  away  in  a  wind  and  rain 
storm  during  the  night,  and  there  resulted  to  the  contractor  a  loss  of  about  32,600  cubic 
yards  of  earthwork.  The  river  having  determined  a  new  channel  through  the  chute  of 
Island  97,  the  wings,  proposed  last  winter  as  protection  works,  are  now  made  parts  of 
the  main  line,  the  old  levee  in  front  being  enlarged  and  used  also  as  part  of  the  main 
line. 

"Omega  to  Milliken^s  bend ''  levee,  Louisiana,  another  large  and  important  work,  was 
also  in  an  incomplete  condition,  and  the  saving  it  was  rendered  still  more  difficult  by 
the  fact  that  water  collected  behind  the  levee,  which,  with  the  river  pressing  in  front  of 
it,  cut  off  a  supply  of  material  with  which  to  raise  it.  Barges  were  sent  down  from  the 
works  at  Wilson's  Point,  and  by  strenuous  efforts  the  top  of  the  levee  was  kept  above 
water  by  material  transported  from  a  distance,  and  the  entire  work  saved. 

Also  at  '^  Delta  to  Bedford's ''  levee,  six  miles  in  length,  a  gap  of  1,100  feet  was  un- 
touched.  Backwater  from  the  Diamond  Island  crevasses  shut  off  access  to  it,  and  the 
water  began  running  through  low  places  in  the  banks  in  front.  Here  a  line  of  protec- 
tion levee,  nearly  three  miles  long,  along  the  edge  of  the  river  bank  waA  built,  which, 
as  soon  as  the  situation  allowed,  was  reduced  in  length  to  about  one- half  by  a  cross-levee 
to  the  main  work,  built  by  hired  labor.  This  long  line  several  times  gave  way  in 
places,  but  the  gaps  were  in  each  case  promptly  closed,  and  the  work  saved. 

On  the  Yazoo  front,  in  Mississippi,  the  flood  found  the  levees  in  such  condition  that 
all  were  entirely  safe,  except  the  Longwood,  Skip  with,  and  Elleslie  levees,  at^each  of 
which  protection  levees  were  built. 

That  at  Elleslie  gave  way  from  a  storm  dashing  waves  against  it,  and  the  water  broke 
through  the  incomplete  main  line,  flooding  several  plantations  and  washing  out  2, 600  cubic 
yards  of  earth  from  the  main  levee.  This  break  was  more  advantageous  than  otherwise  t» 
the  flooded  lands.  The  banks  are  high,  and  the  water  on  the  first  decline  of  the  river  was 
soon  excluded  by  a  second  protection  levee  along  the  site  of  the  flrst. 

Appended  hereto  are  reports  of  Assistant  Engineer  H.  D.  Garden,  in  charge  of  the 
levees  on  the  Tensas  front  in  Louisiana,  and  of  Assistant  Engineer  George  M.  Helm,  in 
charge  of  the  Yazoo  levees  in  Mississippi,  which  give  in  condensed  form  information 
concerning  the  levees  built  in  the  district. 

As  the  latter  gentleman  has  been  chief  engineer  of  the  Mississippi  Levee  Board  for  the^ 
past  two  years,  and  has  had  much  experience  in  levee  construction,  he  was  requested  to 
give  in  his  report,  for  the  information  of  the  Commission,  a  statement  of  the  work  done 
by  the  levee  district  authorities  during  the  past  eighteen  months,  and  also  to  submit  the 
best  practice,  as  shown  by  his  experience,  in  stopping  crevasses,  building  heavy  levees 
on  unstable  foundations,  and  revetting  the  ends  of  breaks  to  prevent  enlargenifint. 
Both  gentlemen  submit  estimates  for  raising  the  levees  in  their  charge  to  3  feet  above 
high -water  mark  of  1882. 

There  are  also  submitted  with  this  report  tabl&s  showing  earthwork  built  in  the  dis- 
trict to  March  1,  1883,  or  in  four  months  prior  to  the  flood,  and  the  condition  of  the  levee 
work  under  the  various  contracts  November  1, 1883,  the  date  of  this  report.  From  this 
latter  table  it  appears  that  there  has  been  built  in  all,  including  the  small  amounts  re- 
turned in  last  annual  report: 

Cubic  yards. 

Tensas  front,  Arkansas - _ 243,428.0 

Tensas  front,  Louisiana - 1,001,734.0 

Yazoo  front,  Mississippi 1,193,281.1 

Total - _ 2,438,443.1 

and  that  there  remains  to  be  done — 

Cubio  yards. 

On  the  Tensas  front  in  Louisiana 99,381,6 

On  the  Yazoo  front - - - J 14,627.0 

114, 008. 6 

It  is  expected  that  work  will  be  completed  and  contracts  closed  by  December  1,  1883. 

In  all  cases  the  grades  of  the  levees  have  been  restricted  to  the  grades  of  the  old  levees, 
except  at  Wilton  to  Raleigh  where  the  bank  was  exceptionally  low,  and  the  levee  of  very 
difficult  construction,  from  the  nature  of  the  material. 

Another  break  here  would  make  it  still  more  difficult  and  costly  to  rebuild  the  levee, 
and  would  allow  enormous  quantities  of  water  to  escape  from  the  channel,  the  ill  effects 
of  which  on  navigation  are  now  seen  just  below  the  present  crevasse,  at  Foster's. 

For  theee  reasons,  the  grade  as  established  for  this  levee  was  placed  at  about  18  inches 
higher  than  that  of  the  levees  immediately  above  and  below,  which  were  on  high  ground, 
and  the  levee  across  the  sandy  part  of  the  line  built  of  increased  dimensions. 
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FINANCIAL  STATEMENT. 


Tensas  fromt. 

To  amount  allotted „.. _ $323,840  00 

To  amount  transferred  from  Yazoo  front ..  _ 25,000  00 

To  amount  redeposited  on  account  of  error  in  voucher  45.- 100 


Total 348,841  00 

Expended  prior  to  December  1,  1882: 

Contractor's  estimates $28,888  06 

Services 2,616  05 

Instruments i..  1,319  35                                             ' 

Subsistence  .-_., _ 177  93 

Miscellaneous _. 637  20 


Expended  IVom  December  1,  1882,  to  November  1,  1883: 

Contractor's  estimates 1^9,531  20 

Services 10,372  11 

Services  on  protection  levees 4, 662  79 

Instruments - 282  75 

Subsistence 136  69 

Office  supplies 357  42 

Miscellaneous  (including  ba^  used  on  pro- 
tection levees).... 2,176  94 


$33, 638  59 


257, 518  90 


Total  expenditures 291, 167  49 

Balance  available  November  1,  1883 57,683  51 

Yazoo  froiU, 

To  amount  allotted _ $359,050  00 

By  amount  transferred  to  Tensas  front 25,000  00  , 

■  '^ 
Balance __ 334,050  00 

Expended  prior  to  December  1,  1882: 

Contractor's  estimates $28,435  49 

Services _ 1,511  00 

Miscellaneous 112  61 


Expended  from  December  1,  1882,  to  November  1,  1883: 

Contractor's  estimates $266,749  89 

Services 12,504  33 

Services  on  protection  levees 1, 082  73 

Office  supplies 304  5f 

Instruments 170  60 

Miscellaneous  (including  bags  used  on  pro- 
tection levees) •..._ 2,965  17 


$30,059  10 


283,777  22 


Total  expenditures _ _ 313,836  32 

Balance  available  November  1,  1883 ........_      20, 213  68 


REPORT   OF   THE   MISSISSIPPI    RIVER   COMMISSIOX. 


421 


Tabular  statement  showing  amount  of  earthwork  constructed  on  levees,  third  district,  before  the 
Hood  of  1833,  and  amount  constructed  since  then  to  November  \,  1883. 


Name  of  levee. 


TENSAS   FBONT. 


Delta  to  Bedford.  La 

Protection  levee  (approz.)„ 

Sparta  above  Duckport 

Milliken^a  Bend  to  Cabin  Teele. 

Omeffa  to  Milltken't  Bend 

Raleigrh  to  Willow  Point. 

Wilton  to  Raleiflrh 

Protection  levee 

Lake  Providence  Reach 

Protection  levee... 

Duffln's  Break,  Arkansas 

Panther  Forest,  Arkansas 


YAZOO  FBOKT. 


MMTnft  Vista  to  C?hotard .., 

Shiloh  to  Tennessee , 

EllesHe 

Protection  levee 

Skipwiths , 

Protection  levee 

Iiong^wood , 

Protection  levee 

Jenkins  to  Easton , 

Rolands  to  Jenkins 

Clay  and  Bagicots  to  Rolands. 

Wade  Breaks 

Huffhes  Breaks 

Beuiah  to  Hughes , 

Beulah  enlaiicement , 

Beulah  Breaks,  1  to  9..  . 

Riverton  Breaks 


i 


3^ 


Cubic  yardtt. 
248,908  S 


89,156.0 
90,002.2 

199,059.2 
41,287.7 

387,941.8 


c  e>  4>  c 

< 


01,162.9 


80,246.0 
163,182.0 


1,306,942.0 


OuMcyarda. 

182,739.0 
20,000.0 
39, 156. 9 
90,002.2 

156,082.6 
41,287.7 

225,495.0 

16,672.0 

61,162.9 

2,029.6 

80,246.0 

163,182.0 


1,077,906.9 


49,857.0 

67,299.1 

138,600.0 


71,660.0 


76,891.0 


•••••*••••«■■••• > 


68,681.0 

166,213.0 

103.298.0 

50,714.0 

22,882.0 

160,638.0 

66,836.0 

27,152.0 

151,663.0 


49,367.0 
67,290.1 

104,627.9 
2,796.0 
63,067.0 
8,500.0 
60,041.0 
15,978.0 
81,017,0 

165,149.0 
96,148.0 
60,112.0 
22,882.0 

189,797.0 
66,836.0 
27,152.0 

161,668.0 


1,185,634.1  I    1,106,422.0 


a  o 

§8 

2  fi 
g'S 


i 


§8 

a 


Cubic  yards. 
61,164.3 


48,026.6 


63,065.2 


CSibic  yards. 


99,881.5 


167,256.1 


28,872.1 


8,698.0 

"is.'Sio'.'o 


99,881.6 


20,270.0 

1,064.0 

867.0 

602.0 


10,741.0 


7,844.0 

'7,'mo 


86,859.1 


H,  627.0 


*  This  amount  includes  81,562  cubic  yards,  which  was  washed  away  dnrinsr  flood  of  1888.  It  has 
not  yet  been  decided  by  the  Second  Comptroller  of  the  Treasury  whether  this  quantity  will  have  to 
be  put  up  ag^ain  by  the  contractors,  at  tiieir  expense,  or  paid  for  by  the  Government. 

Owing^toa  new  location  of  the  levee,  the  amount  of  13,302.1  cubic  yards  already  paid  for  was 
thrown  out  of  the  main  line  of  levee. 

The  actUAl  amount  in  this  levee  when  completed  will  be  313,087.7  cubic  yards. 

LEVEE  StTRVEYS  THIRD   DISTRICT. 


Under  an  allotment  of  $1,000  made  by  the  Mississippi  River  Commission  at  their  meet- 
ing in  November,  1882,  a  party  was  organized  September  20, 1883,  by  Assistant  Engineer 
W.  L.  Starling  for  the  survey  and  location  of  levees  in  Arkansas  fVom  the  high  land  on 
the  east  side  of  Amos  Bayon,  7  miles  back  from  the  river  and  abont  16  miles  above 
Arkansas  City,  to  the  Louisiana  State  line. 

The  field  work  of  this  survey  was  completed  November  1,  1883,  and  Assistant  Star- 
ling is  now  engaged  in  the  calculation  of  volumes  and  in  plotting  the  profiles  and  neces- 
sary new  locations  of  the  line  where  broken. 

In  accordance  with  the  request  of  the  president  of  the  commission  the  notes  of  the 
survey  from  Amos  Bayou  to  Arkansas  City  have  been  reduced,  and  the  line  from  Amos 
Bayon  to  the  river  plotted.     These  estimates  show  the  following  results: 

Cubic  yards. 
Necessary  to  build  and  repair  the  O' Possum  Fork  levee  up  to  the  high- water 

mark  of  1882 __ 351,325.0 

To  1  foot  above  high-water  mark  of  1882 483,783.0 

To  3  feet  above  high- water  mark  of  1882 _ 846,919.0 
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These  estimates  oonsiderablj  exceed  that  made  for  the  Board  of  Engineers  which  con- 
vened at  Memphis,  September  4,  1882,  but  have  been  dedaoed  from  carefal  sarvej. 
More  than  one-half  the  water  that  escapes  into  the  Tensas  Basin  flows  through  the  gaps 
above  Arkansas  City,  and  there  is  noV  an  effort  being  made  by  the  State  of  Louisiana, 
corporations,  and  private  individuals  in  Arkansas  to  the  efiEect  closure  of  this  line,  and 
a  contract  for  the  work  has  been  made  by  them.  If  the  reduction  of  the  notes  can 
be  made  in  time  the  results  of  the  survey  will  be  incorporated  in  this  report  before  finally 
submitted  to  Congress. 

FIKAKCIAL  STATEAfENT. 

Amount  allotted „ : |1,000  00 

Expended: 

Instruments  and  outfit $51  75 

Services _ 386  66 

Subsistence 35  50 

Miscellaneous . --      23  05 

496  96 

Balance  available  November  1. 1883 •       503  04 

SUBVEY  OF  CHOCTAW  BEND  BEACH. 

At  the  date  of  the  last  annual  report  of  the  commission  the  survey  party  under  As- 
sistant Engineer  William  T.  Blunt  was  in  the  field.  The  survey  was  begun  November 
17,  1882,  and  completed  and  the  party  returned  to  Wilson's  Point  December  30,  1882. 

The  survey  was  restricted  to  the  hydrography  proper,  the  shore  line  as  determined  by 
Assistant  Engineer  Ockeison  the  preceding  year  being  accepted,  except  where  caving 
banks  render^  new  locations  of  shore  lines  necessary. 

The  survey  extended  from  Cook's  Point  to  Arkansas  City,  a  distance  of  28  miles.  The 
survey  shows  that  there  was  not  less  than  13  feet  of  water  at  a  stage  corresponding  to 
a  gauge  reading  of  zero  on  the  Arkansas  City  gauge,  or  that  there  existed  no  obstruction 
to  navigation  in  1882,  low-water  season. 

A  complete  project  for  the  improvement  of  the  reach  will  be  submitted  with  the  maps 
at  the  earliest  practicable  moment.  For  the  present  there  is  no  especial  demand  for  its 
improvement,  except  the  revetment  of  the  upper  and  lower  banks  of  Cook's  Point  neck, 
where  it  is  caving  and  a  cut-off  imminent.  This  requires  7  mUes  of  revetment,  at  a 
probable  cost  of  $515,000,  if  carried  to  the  top  of  the  bank,  or  $210,000  if  restricted  to  a 
subaqueous  mat.  The  caving  is  now  back  to  the  cypress  swamps,  and  the  material  is,  as 
usual  in  slowly -deposited  banks,  heavy  buckshot,  very  tough  and  difficult  to  cave.  The 
banks,  however,  are  wearing  quite  rapidly,  and  the  configuration  of  the  river  i>oint8  to  a 
cut-off.  The  neck  now  is  nearly  a  mile  wide,  but  low,  the  water  flowing  across  at  sev- 
eral feet  below  the  ordinary  high  water.  At  the  up-stream  side  of  the  neck  is  Persimmon 
hollow,  leading  into  Long  Lake,  which  occupies  the  middle  of  the  neck,  and  drains  out 
through  Cypress  Bayou,  on  the  lower  side  of  neck.  The  danger  lies  in  this  low  depres- 
sion, already  sufficiently  lowered  to  cause  quite  a  deep  channel- vray  across  at  high  water, 
obstructed,  however,  by  a  thick  undergrowth  of  cypress,  willow,  and  cottonwood,  and 
accumulated  drift-wood. 

The  report  of  Assistant  Engineer  Blunt  is  herewith. 

FIKANCIAL  STATEMENT. 

To  amount  allotted _ $4,000  00 

Expended: 

For  services _ $1,587  92 

For  subsistence 496  06 

For  tools  and  supplies - 531  36 

Miscellaneous _ —  65  52 

2, 679  86 

Balance  avaihible  November  1, 1883 1, 320  14 


Li. 


BBPOBT  OF  ABTHUB  HIDEB,  ASSISTANT  ENGINEEB,  UPON  OPKBATIONS  OP  THE  LAKE 

PBOVIDENCE  CONSTBUCTION  PABTY. 

Wilson's  Point,  La.,  November  15,  1883. 

Sib:  The  following  report  of  operations  of  the  Lake  Providence  construction  party 
from  December  1, 1882,  to  November  1,  1883,  is  respectfully  submitted. 

The  work  undertaken  in  accordance  with  your  instructions,  and  that  which  has  so 
&r  been  executed,  has  had  in  view  the  following  objects: 
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The  narrowing  of  the  width  of  the  river  in  places  where  it  was  excessive,  to  bring  the 
regnlarized  channel  within  the  boundaries  fixed  in  accordance  with  the  original  project, 
by  the  ibllowing  methods,  viz: 

First.  The  closing  of  the  Duncansby  and  Skipwith  chutes  by  the  constraction  of  a 
system  of  pile  dikes  at  and  near  the  head  of  the  Duncansby  chute.  The  filling  up  of 
the  steamboat  channel,  which  was  between  the  upper  and  the  lower  towheads,  by  the 
constraction  of  a  pile  dike  joining  the  two  bars  and  the  concentration  by  this  means  of 
the  water  on  the  right  of  the  towheads,  so  as  to  permanently  fix  the  channel  next  the 
Louisiana  shore  and  prevent  the  further  caving  of  the  banks  in  the  Skipwith  chute. 

Second.  The  closing  of  the  Mayersville  chute  by  a  pile  dike  across  the  head,  and  others 
in  the  chute  further  down,  and  the  protection  of  the  channel  side  of  Mayersville  Island 
by  the  construction  of  willow  mattresses  and  revetting  the  front  face  of  the  island  to 
prevent  further  caving,  so  as  to  retain  the  channel  of  the  river  in  its  present  location. 

Third.  The  closing  and  silting  up  of  the  chute  between  the  Baleshed  Bar  and  the  Mis- 
sissippi shore,  and  the  prolongation  of  the  Baleshed  Bar  at  its  upper  and  lower  extremi- 
ties by  a  system  of  dikes  placed  longitudinally  and  normal  to  the  direction  of  the  current, 
for  the  purpose  of  restricting  the  width  of  the  river  along  the  Vista  and  Longwood  fronts 
within  such  limits  as  would  afford  a  good  channel  at  all  stages  and  prevent  the  river 
crossing  to  the  Mississippi  side  into  the  Baleshed  Chute. 

Fourth.  The  closing  of  the  main  channel  of  the  river,  which  passed  between  the  foot  of 
Baleshed  Bar  and  the  head  of  Stack  Island,  and  bringing  it  back  to  the  right  of  Stack 
Island  by  a  system  of  deflecting  dikes  located  on  the  Louisiana  side  at  Elton  Bar,  and 
a  longitudinal  dike,  driven  across  the  channel  between  the  lower  end  of  Baleshed  Bar  and 
the  head  of  Stack  Island,  so  as  to  prevent  fhrther  caving  on  the  Mississippi  shore  behind 
the  island,  which  had  already  done  a  great  deal  of  damage  and  was  increasing  at  an  alarm- 
ing rate. 

The  objects  sought  to  be  obtained  at  all  these  points  have,  to  a  great  extent,  already 
been  accomplished,  as  shown  by  comparative  soundings  and  surveys  furnished  by  the 
survey  party,  which  accompany  this  report. 

The  lack  of  stone  to  properly  secure  the  revetment  work  done  in  November  and  De- 
cember of  last  year  along  the  &ce  of  Mayersville  Island,  was  the  cause  of  the  caving  of 
the  bank  in  rear  of  the  mattress  work.  This  would,  no  doubt,  have  been  prevented  had 
material  been  available  to  properly  secure  the  work. 

DESCRIPTION  AND  KPPECT8  OF  WORK  DONE. 

Duncansby  chut^. — During  last  season  a  system  of  low- water  dikes  was  constructed  at 
the  head  of  this  chute,  the  two  upper  dikes  and  the  main  dike  at  the  head  consisting  of 
two  rows  of  piling,  securely  braced.  These  dikes  were  provided  with  light  brush  foot- 
mats,  loaded  with  stone,  laid  between  the  piling,  and  had  screens  or  open  hurdle  work 
placed  in  front  of  them. 

The  three  lower  dikes  across  the  chute  consisted  of  Siingle  rows  of  piles  with  screens  or 
open  hardle  work  in  front. 

All  these  dikes  did  good  service  and  caused  a  heavy  deposit  in  the  chute  during  the 
high  water;  in  many  places  the  fill  extended  to  the  top  of  the  piles. 

The  main  dikes  A  and  B  built  last  season,  couDecting  the  upper  and  lower  towheads, 
accomplished  the  result  desired,  viz,  the  filling  up  of  the  steamboat  channel,  before  ex- 
isting between  the  upper  and  lower  towheads;  the  fill  here  also  extended  nearly  to  the 
top  of  the  piles.  The  two  bars  are  now  one,  and  even  at  high  water  there  is  no  channel 
between  them. 

There  has  been  a  general  enlargement  of  the  bars  in  front  of  Duncansby,  and  a  shoaling 
of  the  chut«  along  its  whole  length.  At  low  water  this  season  a  skiff  would  not  fioat 
between  Duncansby  and  Skipwith  Landing,  and  at  the  head  of  the  chute  the  bar  was 
entirely  above  water,  no  water  at  all  entering  the  chute  at  the  upper  end.  Skipwith 
Landing  was  moved  down  nearly  a  mile  nearer  the  mouth  of  the  chute  on  account  of 
shallow  water,  to  enable  steamboats  to  deliver  freight. 

On  account  of  the  rapid  caving  which  took  place  during  the  high  water  in  the  bend 
above  Pilcher's  Point,  deflecting  the  main  current  across  the  river  immediately  above 
And  against  the  dikes  at  the  head  of  the  chute,  seriously  threatening  the  work  hereto- 
fore put  in,  and  together  with  the  rapid  caving  back  of  the  upper  Duncansby  towhead, 
which  had  been  }e(t  unprotected;  in  accordance  with  your  direction,  four  additional 
dikes,  Nos.  5,  6,  7,  and  8,  were  driven  durins  the  high-water  stages  across  the  chute, 
extending  as  close  to  the  shore  as  the  depth  of  the  water  would  permit;  dike  No.  6  con- 
sisting of  three  rows  of  piles,  with  a  woven  mattress  130  feet  in  width,  made  in  sections 
of  from  100  to  200  feet,  overlapping  each  other,  sunk  in  rear  of  the  dike. 

The  two  lower  dikes,  Nos.  7  and  8,  were  provided  with  thick  grillage  mats  between 
the  piling.    These  dikes,  where  the  water  was  shallow,  consisted  of  two  rows  of  piling 


424  B£POBT   OF   THE   MISSISSIPPI   RIV£B   COMMISSION. 

securely  braced,  and  where  the  water  was  of  greater  depth  than  15  feet  of  three  rows. 
In  addition  to  these  precautions  a  protection  dike  with  a  woven  mat  100  feet  in  width, 
with  a  screen  hung  in  rear,  was  driven  immediately  in  front  of  th^  caving  towhead,  and 
afterwards  a  mattress  placed  across  the  head,  lapping  aronnd  the  towhead,  was  con- 
structed. On  the  inside  the  mattress  was  badly  broken  up  in  sinking  on  account  of  the 
bluff  bank.  This  work  failed  to  hold  the  towhead  and  has  been  swept  away.  The 
whole  force  of  the  river  at  high  water  was  against  the  head  of  the  towhead,  which  is  of 
sand.  The  dikes  put  in  witl^tood  the  high  water  and  show  a  fill  behind  them.  Gaps 
were  washed  out  in  the  low-watercroes-dikes  constructed  lastseason  where  they  joined  the 
main  dike,  and  also  in  those  further  down  in  the  chute ;  part  of  this  main  dike  was  also 
scoured  out,  the  channel  at  low  water  being  in  close  proximity  to  the  remaining  part. 
The  piles  were  removed  so  as  to  leave  as  wide  a  channel  as  possible. 

The  effects  of  this  system  of  dikes  is  shown  in  plate  herewith,  in  which  the  surveys  of 
February,  1882,  and  October,  1883,  are  compared;  the  bar  lines  are  shown  at  low- water 
stage,  viz,  1^.5  on  Lake  Providence  gauge.  For  location  of  dikes,  &c,  see  accompany- 
ing map. 

MayenmUe  Island  and  Chute, — During  last  season  a  woven  mattress  from  100  to  130  feet 
in  width  was  constructed  along  the  face  of  the  island,  beginning  at  the  head  and  extend- 
ing down  7,500  feet.  The  bank  was  graded  by  the  hydraulic  graders,  and  the  upper  1,550 
feet  revetted  on  the  channel  side,  the  revetment  lapping  around  the  head  and  extending 
down  the  chute  side  about  350  feet.  The  revetment  was  constructed  by  placing  a  layer 
of  brush  along  the  slope,  which  was  held  in  position  by  stakes  driven  in  the  bank,  to 
which  stringers  or  binders  holding  the  brush  together  were  securely  fastened  with  wire. 

Behind  the  greater  part  of  the  mattress  the  slope  had  no  protection  at  all,  as  it  was 
impossible  to  get  brush  and  stone  in  sufficient  quantities  to  finish  this  work  before  the 
high  water.  ^ 

The  effect  of  the  high  water  on  the  fauce  of  this  island,  which  had  before  been  caving 
rapidly,  was,  except  for  about  1,800  feet  at  the  head  where  the  revetment  had  been  par- 
tially covered  with  stone,  or  held  down  by  sacks  of  sand,  to  cave  the  bank  behind  the 
mattresses.  The  caving  has  extended  from'  50  feet  at  the  upper  end,  to  500  feet  at  the 
lower  end,  back  of  where  the  original  mattress  was  sunk,  and  has  rendered  necessary 
the  construction  of  a  new  mattress  along  nearly  the  entire  length  of  the  fiioe  of  the  island, 
which  is  now  in  progress.  The  cause  of  the  caving  back  of  the  island  was  undoubtedly 
from  the  fact  of  not  having  sufficient  brush  to  complete  the  revetment,  and  stone  to  hold 
the  bank  protection  in  place,  as  the  island  itself  is  composed  nearly  altogether  of  sand. 

Had  it  been  possible  to  have  finished  the  revetment  and  covered  it  with  stone  behind 
the  mattress  work  as  it  progressed,  it  is  believed  that  further  caving  back  of  the  island 
would  have  been  prevented.  The  low- water  dike  built  across  the  head  of  Mayersvllle 
chute  has  remained  Intact,  not  a  break  having  occurred.  The  dike  here  shows  good  re- 
sults by  the  shoaling  of  the  water  behind  it  and  the  enlargement  of  the  bar  at  the  mouth 
of  the  chute,  and  the  increase  in  size  of  the  towhead  near  the  head  of  the  island. 

Further  down,  the  chute  has  deepened  at  some  places,  and  in  order  to  prevent  further 
scouring,  in  accordance  with  your  instructions,  dike  No.  1,  consisting  of  five  rows  of 
piling  securely  braced,  was  driven  across  the  chute  opposite  Mayersville  Landing  to  aid 
the  main  dike  at  the  head  in  filling  up  the  chute.  Dikes  2,  3,  4,  and  5,  built  the  pre- 
vious season  in  the  chute,  were  only  partially  completed;  no  particular  effect  has  been 
observed  from  the  action  of  these  dikes;  they  are  located  too  far  down  to  aid  much  in 
filling  up  the  chute.  A  sketch  showing  the  condition  of  the  works,  November  1,  1883, 
in  this  locality  is  shown  in  map  herewith. 

BaXeahed  Bar  and  Chute. — ^The  work  at  this  point  has  been  the  construction  of  a  main 
dike  extending  from  the  Mississippi  shore  below  the  front  of  Mayersville  down  the  river 
15,000  feet,  reinforced  by  a  system  of  cross-dikes  between  the  main  dike  and  the  shore. 
Dikes  1,  2,  3,  4,  and  5  at  the  upper  end,  extending  to  the  Mississippi  shore,  the  parts  of 
dikes  4  and  5  nearest  the  bank,  as  well  as  part  of  10  and  11  and  the  whole  of  12  were 
constructed  as  low-water  dikes,  part  of  the  main  dike  between  cross-dikes  1  and  4  is 
also  a  low- water  dike.  These  dikes  were  built  previous  to  December  1, 1882,  and  stood 
during  the  last  high  water  with  little  damage.  They  are  shown  on  the  sketch  by 
dotted  lines.  The  cnjss-dikes  from  1  to  7  have  thick  grillage  foot-mats  constructed  be- 
tween the  rows  of  piling,  held  in  place  by  rock,  or  the  mats  fastened  to  the  piling  by- 
stringers  spiked  to  them  and  weighted,  and  held  in  place  temporarily  with  bags  filled 
with  sand,  until  a  snpplyV>f  rock  can  be  obtained,  and  the  river  is  at  a  high  enough  stage 
to  allow  the  stone  to  be  floated  on  barges  to  the  dikes.  The  pile-driving  done  tnis  sea- 
son at  this  locality  was  during  the  high  water,  and  these  dikes  may  be  considered  a» 
high-water  dikes.  The  upper  part  of  the  main  dike  has  been  wattled  fh)m  cross-dike 
No.  1  to  the  Mississippi  shore  along  the  middle  row  of  piling  up  to  the  20-foot  stage; 
also  dike  1.  This  work  is  being  continued  down  from  the  head  of  the  system,  as  rapidly 
as  possible.     A  woven  mattress  from  40  to  100  feet  in  width  has  been  constructed  in 
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front  of  the  main  dike  from  No.  4  cross-dike  to  No.  11,  to  prevent  scour.  The  dike 
when  not  provided  with  a  woven  mattress  in  front  will  have  a  thick  grillage  foot-mat 
oonstmcted  between  the  rows  of  piling,  which  is  now  being  done.  This  will  complete 
the  work  as  laid  out  at  this  localit  j  in  accordance  with  yonr  instructions.  The  general 
effect  of  the  work  here  has  been — 

1st.  The  enlargement  of  the  Baleshed  Bar,  both  in  bize  and  height,  and  the  lengthen- 
ing of  the  bar  by  accretions,  both  at  its  head  and  at  the  foot. 

2d.  The  filling  up  of  the  Baleshed  Chute  at  ita  upper  end,  and  the  enlargement  and 
deepening  of  the  channel  along  the  Vista  and  Longwood  fronts. 

3d.  The  prevention  of  the  threatened  crossing  ol'  the  river  between  the  foot  of  Mayers- 
ville  Island  and  the  head  of  the  Baleshed  Bar,  behind  the  bar,  and  down  the  Mississippi 
shore. 

4th.  The  filling  up  of  the  old  crossing  between  the  foot  of  the  bar  and  the  head  of 
Stack  Island.     For  location,  &c.,  of  this  work  see  accompanying  map. 

Stack  Island, — In  order  to  force  the  main  channel  of  the  river,  which  flowed  down  the 
Stack  Island  chute,  on  the  outside  and  along  the  face  of  the  island  between  it  and  the 
Elton  Bar,  a  main  dike  consisting  of  two  rows  of  piles  was  driven  from  a  point  below 
the  foot  of  Baleshed  Bar  to  the  head  of  Stack  Island,  leaving  the  low- water  channel  from 
Longwood  through  the  Stack  Island  chute  open  for  the  passage  of  boats.  This  dike  was 
driven  as  a  low- water  dike;  a  grillage  foot-mat  was  constructed  between  the  piles,  be- 
ginning at  the  head,  as  fiir  down  as  could  be  put  in  before  the  high  water  covered  l^e 
dike.  During  high  water  thjs  work  showed  good,  results,  forcing  the  main  channel  of 
the  river  to  the  right  of  the  island  and  building  a  bar  to  the  head  of  Stack  Island,  as 
shown  by  the  high- water  survey  of  April,  1883.  As  the  river  fell  to  low-water  stage  the 
difference  of  slope  on  the  chute  side  and  the  main  river  was  so  great,  caused  by  the  sys- 
tem of  dikes  at  the  upper  end  of  Baleshed  preventing  the  water  from  freely  entering  the 
upper  end  of  the  chute,  as  to  render  the  current  extremely  rapid  through  this  dike,  re- 
sulting in  cutting  off  the  top  of  the  bar  in  front  of  the  dike,  and  finally  carrying  away 
part  of  the  dike  near  the  head  of  Stack  Island.  This  was  replaced  and  again  broken  by 
a  sunken  barge  lodging  against  it.  The  break  has  again  been  repaired  and  a  grillage 
foot-mat  sunk  between  the  rows  of  piling.  The  current  passing  across  the  head  of 
Stack  Island  will  be  materially  lessened  as  the  river  rises,  and  the  slope  on  both  sides  of 
the  island  is  morn  nearly  equalized.  A  channel  across  the  head  of  Stack  Island  is  not 
anticipated,  as  at  high  water  the  works  on  Baleshed  Bar  above,  will  be  sufficient  to 
cause  the  bar  to  again  form  at  a  gi-eater  height  than  before,  and  it  is  believed  entirely 
stop  any  water  passing  into  the  chut^  at  this  point  at  next  low  water.  For  location  of 
dike-work  see  map  herewith. 

Elton  Bar, — The  work  here  consisted  in  the  construction  of  a  main  dike  and  ^ix  short  croas 
dikes,  at  the  head  of  Elton  Bar  and  in  the  chute,  to  act  in  deflecting  the  channel  across  the 
river  toward  the  head  of  Stack  Island,  auxiliary  to  the  Stack  Island  main  dike,  and  to 
dose  the  chute,  which  was  rapidly  enlarging,  along  the  Louisiana  shore  and  caving  the 
banks  at  a  very  rapid  rate,  and  thus  concentrate  the  water  in  one  channel;  as  when  the 
works  were  put  in  it  was  difficult  to  determine  which  of  these  channels  the  river  would 
take,  behind  Stack  Island,  along  the  Louisiana  shore,  or  whether  it  could  be  concentrated 
between  Stack  Island  and  the  then  large  Elton  Bar.  Parts  of  these  dikes  were  carried 
away  by  drift  during  the  high  water,  but  not  before  they  had  accomplished  the  desired 
result.     For  location  of  these  dikes  see  map  herewith. 

METHODS  OP  OONSTBUCnON. 

Dikeioork. — ^No  material  change  has  been  made  in  the  methods  employed  in  the  con- 
struction of  pile  dikes  fVom  those  of  laiit  season.  The  principal  change  has  been  in  mak- 
ing the  dikes  of  a  greater  number  of  rows  of  piles.  The  distance  between  the  rows  has 
bmi  increased  from  10  to  15  feet  in  deep  water  to  allow  of  more  secure  bracing  as  well  as 
the  thickness  and  width  of  the  brush  work  laid  at  the  foot  of  the  dikes  to  protect  them 
from  the  actions  of  the  current  and  prevent  scour.  The  experience  of  last  season's  work 
showed  conclusively  that  the  strongest  form  of  construction  is  required  in  order  to  with- 
stand the  force  of  the  current  at  high  water,  and  has  led  to  putting  in  work  of  greater 
strength  where  exposed  to  the  action  of  drift. 

Pile  driving  and  bracing. — The  plan  pursued  in  building  pile  dikes  has  been  to  drive 
t<he  front  and  rear  rows  of  piles  simultapeously  when  it  could  be  done,  fasten  the  longi- 
tudinal stringers  to  the  piles,  and  complete  the  dike  by  putting  in  place  the  cross- 
braces.  In  all  cases  the  longitudinal  and  cross-braoes,  in  addition  to  lieing  fastened  to 
the  piling  vrith  spikes,  have  been  well  wired  with  No.  8  wire  passed  around  the  pile  and 
across  the  brace  diagonally  from  the  upper  to  the  lower  edge,  and  made  taut  by  twist- 
ing.    This  was  rendered  necessary  on  account  of  the  material  used  for  both  piles  and 
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braces,  which  is  almost  satirely  Cottonwood;  bat  few  cypress  piles  have  been  used.  The 
piles  have  been  sunk  a^  deep  as  possible,  generally  from  15  to  20  feet,  depending  upon 
the  nature  of  the  bottom.  Two  forms  of  bracing  have  been  used,  as  shown  in  the 
sketehes,  one  with  rods,  for  dikes  constructed  at  high- water  stage,  and  ths  other  for 
dikes  built  during  low  water.  These  are  the  same  methods  used,  in  accordance  with 
your  directions  for  last  season's  work,  and  have  answered  the  purpose  well;  experience 
has  suggested  no  improvement  upon  them.  The  piles  have  been  sunk  by  the  use  of  a 
jet  of  water  forced  through  a  IJ-inch  gas  pipe,  leading  down  the  side  of  the  pile,  and  by 
the  aid  of  quick  blows  from  a  hammer  of  2,000  pounds  falling  through  a  distance  of  about 
6  feet. 

Two  forms  of  pile-drivers  have  been  in  operation,  one  with  the  leads  placed  in  front 
of  the  boat,  and  the  other  with  the  leads  on  the  side.  The  first  form  is  preferred  for 
general  use,  especially  for  cross-dikes  and  in  rapid  currents,  as  bein^  found  more  con- 
venient to  keep  in  position  and  handle,  and  for  this  reason  accomplishing  more  work. 
One  of  the  side-lead  drivers  has  been  in  operation,  and  has  done  fair  service.  These 
drivers  are  provided  with  large  boiler  capacity  and  pumps  capable  of  discharging,  more 
water  under  a  greater  pressure.  Piles  can  be  sunk  deeper  with  these  than  with  the 
others,  but  the  difficulty  of  handling  them  in  cross-currents  reduces  their  efficiency. 

Between  15  and  20  feet  has  been  the  average  depth  of  penetration  obtained;  after 
reaching  that  depth,  if  further  sinking  is  not  stopped  by  gravel,  buckshot,  or  other  hard 
material,  the  frictional  resistance  exerted  by  the  sand  along  the  side  of  the  pile  generally 
prevents  further  penetration.  This  resistance  could  not  be  overcome  either  by  the  use 
of  the  water-jet  or  the  hammer,  or  both  combined,  as  the  wood  of  which  the  piles  are 
composed  will  not  withstand,  without  splitting,  the  shock  of  the  hammer  falling  firom 
a  great  height.  The  usual  method  has  been  to  sink  the  piles  with  their  large  ends 
down;  the  butte  are  cut  off  square,  and  are  about  18  inches  in  diameter,  the  small  ends 
not  less  than  10  inches  diameter,  and  the  length  of  the  piles  from  35  to  50  feet;  about  ten 
piles  is  counted  as  an  average  day's  work  f5r  one  driver  with  a  crew  of  seven  men,  con- 
sisting of  a  foreman,  engineer,  and  five  laborers.  Xo  special  improvement  in  the  meth- 
ods followed  in  pile  sinking  or  in  the  construction  of  drivers  has  suggested  itself.  They 
are  well  adapted  for  the  purposes  for  which  they  were  designed.  Four  different  kinds 
of  hoisting  engines  are  in  use,  each  of  which  has  an  advantage  in  some  particulars  over . 
the  others;  on  the  whole  the  small  horizontal  engines  have  given  the  best  results,  being 
quicker  in  operation,  and,  next  to  the  ordinary  crab  in  use  on  four  of  the  drivers,  costing 
less  for  repairs  on  account  of  breakage. 

Brush  mats^  hurdles j  &e, — The  principal  dikes  have  been  protected  at  their  foot  to  pre- 
Tent  scouring  out,  by  constructing  mate  formed  of  two,  three,  or  four  layers  of  brush,  de- 
pending upoa  the  importance  of  the  dike,  rapidity  of  current,  depth  of  water,  and  danger 
of  cutting  out.  These  layers  of  brush  are  placed  alternately  crosswise  and  parallel  with 
the  dike.  Stringers,  or  waling-pieces,  as  binders,  are  first  hung  from  the  piles  as  a  frame- 
work for  the  brush  to  be  laid  upon.  Svhen  the  mat  is  of  sufficient  thickness  other  binders 
are  laid  on  top  of  the  mat  connected  with  those  underneath  by  wires  at  suitable  intervals, 
leading  up  from  the  under  stringer  pieces,  twisted  together  so  as  to  make  the  construction 
as  close  as  practicable.  The  brush  is  laid  so  as  to  extend  through  the  rows  of  piles,  re- 
quiring on  some  of  the  dikes  three  lengths  of  brush,  the  brush  ends  overlapping  the  butts. 
When  finished,  the  mat  extends  both  in  front  and  rear  of  the  dike  from  10  to  15  feet  out- 
side the  dike.  The  grillage  mats  thus  constructed  are  then  sunk  in  place  by  being  loaded 
with  rock  taken  to  the  dike  on  barges.  When  woven  mats  are  placed  in  front  of  dikes 
to  prevent  longitudinal  scour  they  have  been  built  similar  in  construction  to  the  large 
mattresses  used  for  the  protection  of  caving  banks,  and  sunk  in  place  by  being  loaded 
with  rock.  For  the  purpose  of  preventing  the  threatened  deepening  of  the  Duncansby 
chute  during  high  water,  a  brush  foot-mat  130  feet  in  width,  made  in  sections  of  from 
•100  to  200  feet  in  length,  was  woven  on  a  mattress  barge  in  rear  of  dike  6,  which  extends 
across  the  chute  near  the  head.  Alternate  sections  were  built  and  sunk.  The  interven- 
ing ones  were  then  constructed  so  that  when  in  position  on  the  bottom  they  overlapped 
the  sections  previously  built  about  10  feet,  thus  forming  a  continuous  brash  foot-mat  130 
feet  wide  immediately  in  rear  of  dike.  The  dike  itself  was  constructed  of  three  rows  ot 
piles  securely  braced.  In  order  to  insure  the  mats,  when  sunk,  being  close  to  the  dike 
a  strong  stringer  was  spiked  and  wired  across  the  ends  of  the  weaving  poles,  which  were 
allowed  to  extend  through  the  dike  beyond  the  rear  piles,  thus  forming  a  crib  around 
each  pile.  Before  sinking,  the  mate  were  covered  with  stone,  evenly  distributed,  the 
upper  side  of  the  mat  being  lowered  to  ito  place  by  the  aid  of  lines  fastened  to  the  front 
row  of  piles,  which  were  slacked  as  the  mat  went  down,  so  as  to  keep  it  in  a  horizontal 
position.  The  only  curtein  construction  ased  this  season  was  that  placed  in  rear  of  the 
protection  dike  built  in  front  of  the  upper  Duncansby  towhead.  This  was  of  the  usual 
form  of  woven  work,  built  so  as  to  allow  of  about  one-foot  spaces  between  the  brush.     It 
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was  sunk  by  fitftening  sacks  of  rock  to  the  curtain,  to  coonteract  the  force  of  the  cui^rent 

and  hold  it  in  position. 
The  wattling  or  hardling  has  been  made  close  by  forcing  the  pieces  of  brush  down  so 

as  to  be  in  contact  with  ec^  other,  and  has  been  done  on  either  the  middle  or  front 
row  when  the  brash  mats  are  boilt  between  the  rows  of  piling  so  as  to  provide  against 
the  effect  of  the  overlall  cutting  out  the  sand  in  rear  of  the  dikes.  Sketches  giving  de- 
tails of  the  different  forms  of  construction  employed  in  the  dikes  built  and  their  location 

is  shown  on  map  herewith. 

The  following  statements  furnished  by  Asssistant  Engineer  C.  P.  Ruple,  gives  in  detail, 
in  tabulated  form,  the  work  done  in  dike  construction;  also  an  estimated  cost  for  labor 
for  the  different  classes  of  work,  and  amount  of  material  required.  All  the  pile-driving 
done  has  been  under  his  charge,  and  since  June  1,  1882,  at  which  time  the  foot-mat 
party  under  Assistant  Engineer  £.  D.Thompson  was  consolidated  with  the  pile-driving 
force,  this  class  ef  work  also. 

SUUem,^nt  showing  dike  work  from  December  1,  1882,  to  November  1,  1883. 


LooAtion. 


Dike. 


»  ^  bcSS 

EC 


Duncansby I  Duncansby  Bar  protec- 

,     %ion. 

Do I  Main  dike  A 

Do ; I  No.  1 

Do I  No.3 

Do ,  No.5 

Do 1  No.6 

Do j  No.7 

Do No.8 

Mayersville * '  Main  dike 

Do I  No.  1 

Baleshed. '  Main  dike  above  I 

Do I  Main  dike  from  3  to  7... 

Do Main  dike  fhjm  7  to  11 

Do I  No.l  

Do ,  No.2 

Do '  No.3 

Do ;  No.4 of  1883 

Do .♦. No.  5  of  1883 

Do '  No.6 

Do No.7 

Do... No.8  

Do..* '  No.9 

Do I  No.  10 

Do No.  11  

Do No.  12 

Stack  Island '  Main  dike 

Elton Main  dike 

Do No.l 

Do '  No.2 

Do !  No.8 

Do ;  No.4 

Do '  No.5   

Do i  No.6 


100 

150 

545 

2,1(16 

2,061 

2,310 

2,300* 

805 

1,991 

2,837 

6,906 

033 

1,192 

1,172 

661 

983 

1,452 

1,204 

1,011 

1,097 

924 

894 

583 

5,250 

943 

746 

887 

975 

300 

484 

435 


840 
250 


275 


1,021 


469 
153 
150 
500 
150 


1,429 

857 

54 

63 


IS 


Totals 44,235 


6,432 


*  Three  hundred  feet  of  this  dike  is  incompleted. 

Of  the  above  dike  there  is  in — 

Sinfflerow 2,336 

Double  row 25,187 

Three  rows 14,150 

Pour  rows 565 

Five  rows. 1,997 


Total 44.236 
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l^atemetU  showing  cost  of  diftrent  items  of  toorky  and  material  required  in  dike  construction, 

Amonnt  of  pay-roll - $89, 771  07 

Subsiatence — - 19,991  06 

109,  762  13 
Labor  loaned  other  parties,  with  sabsistence 333  60 

109, 428  53 


DiBtribnted  as  follows: 

1.  Pile  driving— driving,  bracing,  and  stringing $78,897  93 

2.  Brash  work — foot-mats,  wattUng,  shore-mats,  screens,  &c.y  making  and 

sinking _ 30,530  60 

109, 428  53 


Number  linear  feet  dike  driven — all  kinds,  $50,667 — cost  $1. 557  per  linear  foot;  equiv- 
alent to  60,947  linear  feet  double  dike — cost,  $1,294  per  linear  foot. 

Number  linear  feet  dike  driven — as  it  stands,  44,235 — ^represents  a  cost  of  $1,783  per 
linear  foot;  equivalent  to  53,703  linear  feet  double  dike — ^represents  a  cost  of  $1,469  per 
linear  foot. 

Number  linear  feet  dike  driven — ^washed  out — all  kinds,  6,432;  equivalent  to  7, 244  lin- 
ear feet  double  dike 

Total  number  of  piles  driven,  15,553;  average  cost  per  pile,  $3.45 $53, 800  08 

Total  number  of  braces  put  on,  8,230;  average  cost  per  brace  in  place,  $1.65- .  13, 579  50 
Total  number  of  stringers  hung,  4,517;  average  cost  per  stringer  in  place, 

$2.55 _ 11,518  35 

78,897  93 

Greatest  number  of  piles  driven  by  one  driver  in  one  day,  15  to  22  feet  of  water — 

45  feet  piles  used— depth  of  penetration  17  to  20  feet,  was 22 

Number  pile-drivers  in  commission  December  1,  1882 11 

Greatest  number  in  commission  at  any  time -.     16 

Average  number  drivers  per  each  day  in  commiasion 13 

Cost  per  100  square  feet  woven  foot-mat,  making  and  sinking,  60  feet  wide $1  32 

Cost  per  lOOsquare  feetwattling 2  00 

Cost  per  100  square  feet  foot-mat,  between  piling,  made  and  sunk,  from.  ..$1  50  to  1  95 

Cost  per  linear  foot  of  dike,  woven  foot-mat,  making  and  sinking,  1 30  feet  wide. .        1  65 

2  coils  wire  are  required  to  brace  and  string  100  feet  double  dike. 

1  cord  brush  makes  100  square  feet  foot-mat  between  piling.  * 

7-10  cord  brush  makes  100  square  feet  woven  foot-mat. 

From  the  above  statement  the  cost  of  a  linear  foot  of  dike,  consisting  of  two  rows  of 
piling  complete,  with  brush  work,  is  estimated  as  follows: 

Labor  cost  as  above: 

Pile  work  for  100  linear  feet _.. _.  $146  90 

Brush  work,  grillage  foot-mats.,  50  feet  wide 86  25 

Wattiing,  10  feet  high _ ._. _ 20  00 

Total  labor  cost _ $253  15 

Add  cost  of  material: 

26  piles,  at  $2.00 $52  00 

21  braces  and  stringers,  at  $.90.-_ _.  18  90 

50  cords  brush,  at  $1.75 87  50 

30  cubic  yards  stone,  at  $2. 00 60  00 

Wire  and  spikes 27  60      246  00 

$499  15 
Add  estimated  cost  of  local  tow-boats  for  charter,  repairs,  wages,  and  sub- 
sistence, two-thirds  charged  to  dike  construction 40  46 

•  — .^— — — 

Total  estimated  cost  of  100  linear-feet  dike. $539  61 

or  $5.40  per  linear  foot     This  will  be  increased  to  $6.72  if  a  woven  foot-mat,  100  feet 
wide,  is  placed  in  front  of  the  dike  in  addition  to  the  grillage  foot-mat.     For  a  dike  of 
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two  rowB  of  pilesi  with  a  130-feet  woven  foot-mat  in  rear,  and  grillage  mat  50  feet  wide 
between  the  piling,  the  006t  per  linear  foot  is  $7.05.  Allowing  for  contingencies,  such 
as  increase  in  price  of  material  and  wages,  a  fair  estimate  would  be  $6.00,  $7.40,  $7.75 
per  foot  for  each  class  respectively. 

BANK  PBOTBCnON. 

Mattress  construction. — ^The  nsnal  form  of  mattress  constmction  has  been  followed,  the 
willows,  from  2  to  3  inches  in  diameter  at  their  larger  ends,  and  from  30  to  50  feet  in  length, 
are  woven  on  large  cottonwood  poles  from  3  to  4^  inches  diameter  at  small  end,  placed 
al)ont  8  feet  apart  on  ways  or  skids  erected  on  a  boat  for  that  purpose.  They  are  pushed 
down  the  skids  close  together  over  and  under  alternate  poles  forming  woven  work,  then 
brought  into  close  contact  by  driving  the  brush  together  with  heavy  wooden  mauls. 
Alongside  of  every  weaving  pole  or  alternate  jwles,  determined  by  the  width  of  the  mat 
and  the  longitudinal  strength  required,  iron  to6s  with  welded  eyes  at  each  end  are  placed 
as  the  mat  is  built;  the  ends  of  these  rods  are  connected  with  lap-rings  or  clevises. 
These  rods  are  to  give  the  necessary  longitudinal  strength  to  the  mat,  and  prevent  it 
breaking  asunder  while  being  sunk,  and  allow  it  to  a^ust  itself  to  any  irregularities  on 
the  bottom.  The  mat  is  then  further  strengthened  by  bindei-s  made  of  poles  placed  on 
top,  securely  fastened  to  the  mat  with  wire  to  the  weaving  poles. 

In  wide  mats,  and  where  the  current  is  swift  and  the  water  deep,  additional  longitu- 
dinal strength  has  been  obtained  by  the  use  of  No.  8  wire  twisted  in  the  form  of  a  cable, 
extending  on  top  of  the  mattress,  securely  &stened  at  intervals  by  wire  to  the  weaving 
poles.  The  upper  end  of  the  mat  while  being  constructed  is  held  in  place  by  lines 
passed  under  a  mooring  baige  leading  to  fastenings  on  the  shore  above.  The  mooring 
barge  is  placed  with  one  end  next  the  bank,  the  outer  end  being  kept  in  place  by  lines 
leading  to  suitable  fastenings  on  shore.  The  head  of  the  mat  is  held  up  by  small  lines 
passing  over  the  side  of  the  mooring  barge,  to  which  they  are  fastened,  which  are  slacked 
as  the  head  is  sunk;  additional  lines  leading  from  the  mat  to  the  bank  are  placed  along 
the  mat  at  intervals,  so  connected  with  it  by  iron  clevises  as  easily  to  be  freed  after  the 
mattress  has  been  sunk  in  position. 

The  use  of  the  mooring  barge  is  to  prevent  drift  from  lodging  on  the  head  of  the  mat, 
and  to  keep  it  from  being  submerged  until  it  is  ready  to  be  sunk.  The  mats  have  been 
«nnk  by  first  loading  the  edge  next  shore  along  the  slope,  with  rock,  and  afterwards  by 
throwing  rock  on  it,  beginning  at  a  suitable  distance  l>elow  the  head  to  allow  the  mat 
to  reach  the  bottom  without  breaking.     The  head  is  then  sunk  last. 

A  great  deal  of  trouble  and  some  loss  has  been  experienced  in  sinking  large  matresses. 
Experience  has  shown  that  in  deep  water  and  where  the  current  is  swift  the  mat  can 
hardly  be  made  too  strong,  and  should  not  be  of  a  greater  length  than  from  600  to  800 
feet,  as  the  frictional  resistance  offered  by  a  mattress  of,  say,  150  feet  in  width  of  this 
length  is  enormous,  and  renders  the  greatest  amount  of  care  and  precaution  necessary 
to  prevent  loss.  The  methods  employed  heretofore  in  sinking  large  mattresscfs  are  not 
entirely  satisfactory,  as  there  is  always  danger  of  their  loss  when  the  current  is  swift 
and  the  water  is  deep.  The  irregular  supply  of  stone  has  led  to  the  construction  of 
jpreater  lengths  than  otherwise  would  have  been  built,  in  order  to  keep  the  men  employed. 

Grading. — After  sinking  the  mattresses  in  place  the  bank  has  been  graded  by  the  hy- 
•draulic  graders  to  a  uniform  slope  of  from  2if  to  3  to  1,  ready  for  the  brush  revetment; 
but  litUe  hand-work  is  required  to  trim  up  the  bank,  except  where  it  is  of  sand.  The 
following  is  a  description  of  the  plant  and  how  operated,  furnished  by  Assistant  Engi- 
neer Henry  Steubing,  who  has  had  charge  of  the  grading: 

Description  of  Flant. — ^The  plant  consists  of  two  large  pumps  placed  on  barges  110  by 
30  feet,  6-foot  hold,  on  the  deck  of  which  are  the  machinery  and  boilers.  A  cabin  is 
•erected  above  the  boilers  and  machinery,  which  contains  sleeping  room  for  30  men.  The 
machinery  of  No.  1  consists  of  a  double-acting  duplex  plunger  pump — that  is,  two  pumps 
which  are  so  constructed  that  the  plunger  of  one  pump  moves  the  steam  valve  of  the 
other,  and  vice  versa.  On  No.  3  the  pumps  work  single.  Each  of  these  engines  is  com- 
pound. The  Id-inch  initial  steam  cylinders  exhaust  into  an  auxiliary  steam  cylinder  of 
36  inches  diameter.  Out  of  this  the  steam  is  exhausted  into  a  condenser  by  an  air-pump, 
which  at  the  same  time  pumps  water  into  the  condenser.  The  water  is  heated  by  this 
eondensed  steam  to  a  temperature  of  about  100^,  and,  passing  from  the  condenser  into  a 
well,  is  used  to  supply  the  boiler.  The  stroke  of  the  main  pump  varies  according  to  the 
water  pressure  required,  the  maximum  is  24  inches.  The  plungers  are  1 6  inches  in  diame- 
ter. Besides  these  pumps,  which  are  required  for  the  grading  proper,  each  of  the  graders 
has  an  engine  for  hoisting  the  boom-pipe  and  stages;  also  a  steam  capstan.  The  hoisting 
engine  is  located  forward  of  the  main  pumps  between  the  legs  of  the  shears;  the  cap- 
stan is  placed  at  the  other  end  to  &cllitate  the  handling  of  the  boat.  There  are  three 
five-flue  boilers  on  each  grader  42  inches  diameter  and  22  feet  long.     On  No.  1  the 
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boilers  are  of  steel,  and  on  No.  3  of  iron,  both  of  60,000  T.  S.  They  were  tested  for  a 
steam  pressure  of  125  pounds.  They  are  supplemented  by  an  upright  auxiliary  boiler 
for  cleaning  and  pumping  up  main  boilers.  In  front  of  the  furnace  is  the  coal-box,  with 
storage  room  for  500  bushels  of  ooal.  The  water  to  supply  each  of  the  main  pumps  is 
taken  from  a  well  in  the  bottom  of  the  boat  3  by  3  feet,  one  on  each  side,  through  a  12- 
inch  pipe.  The  bottom  of  the  well  is  covered  by  a  strainer  made  of  three-eighths-inch 
flange  iron.  This  strainer  has  2,500  holes  of  three-eighths-inch  diameter,  which  gives 
nearly  2^  times  the  area  of  the  suction  pipe.  The  water  is  discharged  through  two  12- 
inch  pipes,  one  from  each  pump,  into  the  main  pipe,  to  which  the  boom-pipe  is  con- 
nected, the  joints  so  arranged  where  the  pipes  come  tc^ther  as  to  allow  the  boom-pipe 
to  have  motion,  both  perpendicular  and  horizontal.  The  length  of  the  boom-pipe  is  65 
feet,  tapering  iVom  12  inches  to  8  inches,  and  consists  of  4  flanged  pieces,  which  are 
bolted  together.  These  pieces  of  the  boom-pipe  are  lapwelded  tu^  screwed  in  to  cast- 
iron  flanges  and  bolted  through  flange  and  screw  end  of  tube.  The  whole  is  stiftened  by 
two  hog-chains,  one  below  extending  along  the  whole  length,  the  upper  one  on  top  of  the 
two  smallest  pieces  to  which  is  attached  the  hoisting  rope.  The  hoisting  rope  is  1  inch- 
steel  wire  leading  over  a  pulley  on  top  of  the  shears,  thence  to  the  drum  of  the  hoisting 
engine.  The  shears  are  pine  timber,  54  feet  long,  12  by  12  inches,  the  heels  butting  in 
iron  shoes  on  deck  in  a  line  with  the  hoisting  engine.  They  are  slightly  inclined  for- 
ward and  are  held  by  two  IJ-inch  wire  rope  guys,  which  are  fastened  to  the  gunwales. 
The  pumps  have  a  capacity  to  discharge  2,000  gallons  a  minute,  under  a  pump  pressure 
of  160  pounds. 

Method  of  operating. — ^The  grader  is  placed  in  position  with  one  end  next  the  bank,  and 
the  stage  and  boom-pipe  lowered  so  as  to  almost  rest  on  the  ground.  When  the  bank  is 
perpendicular  a  trench  is  first  cut  at  the  proper  slope  so  as  to  give  a  face  to  begin  grad- 
ing. When  a  steam  pressure  of  80  pounds,  giving  an  efficient  water  pressure  in  the 
pumps  of  140  pounds,  is  obtained,  the  work  of  grading  is  begun.  A  piece  of  2-inch  gas- 
pipe,  about  4  feet  long  and  pointed  at  one  end,  is  driven  into  the  ground  about  10  or  15 
feet  from  the  face,  and  a  little  above  the  middle  of  the  slope.  The  upper  end  of  this 
gas-pipe  is  allowed  to  remain  from  10  to  12  inches  above  the  ground ;  a  piece  of  iron  is  fitted 
into  the  top  of  this  pipe,  to  support  the  nozzle,  with  holes  on  each  side,  into  which  trun- 
nions on  the  nozzle  fit,  so  as  to  admit  of  motion  in  any  direction.  After  the  nozzle  has 
been  fastened  in  this  swivel  and  the  hose  connected  with  the  boom-pipe  at  one  of  the 
valves,  which  are  placed  at  intervals  along  the  pipe  for  this  purpose,  two  men  take  hold 
of  the  nozzle  by  means  of  a  lever,  which  is  fastened  to  it  by  damps,  and  the  signal  is 
given  to  turn  on  the  water;  3  or  4  men  are  kept  ready  to  lighten  up  the  hose^  so  as  to 
enable  the  nozzle-men  to  point  the  nozzle  in  any  required  direction.  The  stream  issuing 
from  the  nozzle  is  directed  a^iunst  the  bottom  of  the  fiice  to  undermine  it  to  a  depth  of 
from  6  to  12  inches,  and  in  doing  this  is  moved  along  the  whole  length  of  the  slope. 
The  earth  that  has  caved  through  this  undermining  is  then  washed  into  the  river.  The 
quickest  way  to  do  this  is  to  soak  the  whole  of  the  loose  material  first  and  then  direct 
the  stream  so  as  to  carry  this  saturated  material  into  the  river,  pashing  it  down  by  the 
force  of  the  stream.  In  undermining,  it  is  always  best  to  commence  at  the  bottom  and 
move  upward.  If  the  bank  is  more  than  14  feet  high  2  nozzles  can  be  worked  with  ad- 
vantage. Where  one  nozzle  is  used  11  men  are  required,  while  for  two,  3  additional  men 
are  needed.  The  force  to  run  one  grader  requires  1  foreman,  2  engineers,  1  fireman,  1 
greaser,  2  nozzle-men,  and  4  laborers — total,  11  men.  With  2  nozzles  working,  15  men 
are  required.  A 1 J^  or  1}^  inch  nozzle  is  then  put  very  near  the  top  of  the  slope,  and  under- 
mines the  upper  one-third  of  the  &ce,  while  the  2-inch  nozzle  does  the  same  with  the  lower 
two- thirds,  and  washes  all  of  the  caved  material  into  the  river.  After  the  bank  has  been 
caved  and  washed  down  as  far  as  from  30  to  35  feet  from  the  nozzle  this  is  moved  10-15  feet 
again.  In  doing  this  the  water  is  shut  off  from  the  hose,  and  is  vmsted  through  one  of 
the  other  valves.  The  difference  in  the  quality  of  the  material  that  has  to  l^  under- 
mined or  cut  into,  the  various  positions  in  which  the  different  strata  are  found  under- 
lying each  other,  height  of  bank.  Sec.,  requires,  besides  this  general  method  employed, 
various  modifications  in  special  cases  of  managing  the  nozzle  that  can  hardly  be  de- 
scribed, and  only  learned  by  experience.  This  is  well  demonstrated  by  the  cost  of  grad- 
ing. 

While  grader  No.  1  was  at  Delta  Point,  opposite  Vicksbnig,  in  November  and  Decem- 
ber of  1882,  the  cost  for  grading  for  the  first  two  weeks  was  9  cents,  from  November  20  to 
30,  6  cents.  In  December  No.  1  excavated  39,000  cubic  yards,  at  an  actual  cost  of  3^ 
cents.  Grader  No.  3  had  in  the  mean  time  excavated  at  Mayersville  Island  15,000  cubic 
yards,  at  a  cost  of  2}  cents,  the  bank  consisting  entirely  of  sand,  while  at  Delta  it  was  to 
a  great  extent' intermixed  with  strata  of  hard  clay,  the  different  strata  lying  in  unfavor- 
able position  for  rapid  work.  In  January,  1883,  Nos.  1  and  3  together  excavated  on 
Mayersville  Island  76,000  cubic  yards,  at  a  cost  of  3}  cents,  or,  deducting  all  time  lost 
through  inclemency  of  the  weather,  &c.,  of  2.8  cents.    The  cost  of  grading  in  Febmaiy 


REPORT   OP   THE   MISSISSIPPI   RIVER   COMMISSION.  431 

cannot  be  as  accnrately  calculated,  as  the  grading  did  not  amount  to  much,  and  was  in- 
termpted  and  delayed  throogli  stormy  weather  and  the  rising  river.  Work  was  stopped 
on  the  7th  of  February. 

Grading  again  began  September  26.  Serious  delays  have  been  caused  by  the  bursting 
of  the  hose.  Nearly  one-half  of  the  time  in  the  first  two  weeks  was  lost  on  this  account, 
making  it  necessary  to  constantly  stop  grading  and  change  hose.  The  hose  had  been  in 
use  the  previous  season.  Besides,  all  outside  laborers  and  foremen  were  inexperienced, 
and  after  most  of  this  trouble  had  been  overcome,  the  rubber  valves  in  the  main  pumps 
commenced  to  give  out,  and,  as  there  were  only  few  extra  ones  on  hand,  it  was  thought 
advisable  not  to  work  the  pumps  up  to  their  full  capacity.  The  work  consequently  pro- 
gressed comparatively  slowly.  In  September,  only  3,260  cubic  yards  were  excavated,  the 
cost  of  which  cannot  be  properly  calculated.  In  October,  in  the  first  ten  days,  of  ten 
working  hours  each,  11,395  cubic  yards  were  excavated  by  No.  1.  Since  October  11 
grader  No.  1  has  been  worked  both  day  and  night;  at  night  the  electric  light  has  been 
used,  which  had  been  put  up  in  January  last.  A  double  crew  was  put  on,  changing  every 
six  hours,  and  working  twenty  out  of  twenty-four  hours.  Twenty-five  thousand  eight 
hundred  cubic  yards  were  thus  excavated  from  October  11  to  October  20.  On  the  20th 
orders  were  received  to  work  three  crews  and  to  make  no  stoppage  for  meals.  In  the  one 
hundred  and  fifty-two  working  hours  from  October  20  to  29,  when  work  had  to  be  tem- 
porarily stopped,  25,111  cubic  yards  were  excavated,  making  a  total  of  62,306  cubic 
yards  excavated  in  the  month  of  October,  at  a  cost  of  3  cents  per  cubic  yard.  The  slope 
made  during  the  last  month  is  smoother  and  more  uniform  than  any  ever  made  before, 
and  requires  very  little  or,  in  some  places,  no  grading  even  by  shovels  to  make  it  ready 
for  revetment.  This,  I  think,  is  of  more  importance  than  to  do  more  excavating  with  a 
less  smoothly  worked  slope.  I  have  already  mentioned  that  the  usually  required  water 
pressure  is  140  pounds  for  one  nozzle,  while  for  two  nozzles  the  pressure  is  run  up  to  160 
pounds.  A  greater  pressure  cannot  be  used  very  well,  as  it  makes  it  difficult  and  dan- 
gerous for  the  nozzle-men,  besides  the  liability  of  bursting  hose.  By  daily  observations 
made  during  the  last  month  it  is  found  that  to  excavate  one  cubic  yard  of  earth  it  takes  a 
small  fraction  less  than  one  cubic  yard  of  water  under  a  pressure  of  140  pounds,  this  water 
pressure  being  attained  by  a  steam  pressure  of  80  pounds  and  a  vacuum  of  26i  inches. 
With  a  pressure  of  80  pounds  of  steam  it  takes  3  pounds  of  coal  per  cubic  yard  of  water 
thrown  or  earth  excavated.  In  comparing  this  hydraulic  grading  of  earth  with  hand 
work  by  use  of  shovels,  I  think  I  may  safely  assume  that  the  moving  by  shovel  would 
cost  30  cents  per  cubic  yard.  This  makes  a  difference  in  favor  of  the  hydraulic  moving 
of  27  cents.  Grader  No.  1  has  so  far  moved  about  165,000  cubic  yards,  and  caused  a  sav- 
ing, therefore,  of  nearly  $44,550,  or  over  one  and  one-half  times  the  original  cost.  I  am 
confident  that  another  month's  constant  running,  with  the  past  experience,  new  hose, 
new  valves,  4&c.,  the  cost  per  cubic  yard  can  be  greatly  reduced. 

Bank  revetment. — ^Where  revetment  has  been  laid,  a  grillage  of  poles  is  first  placed 
along  the  slope;  on  this  grillage  the  brush  is  laid  perpendicular  to  the  direction  of  the 
current;  another  set  of  poles  is  laid  on  top  of  the  brush  over  those  underneath,  to  which 
they  are  fastened  with  wire  to  hold  the  brush  in  place.  The  x>oles  are  also  fastened 
with  wire  to  stakes  driven  in  the  slope,  and  the  revetment  covered  with  stone.  On  ac- 
count of  the  scarcity  of  stone  last  season  bags  of  sand  were  tried  for  the  purpose  of  keep- 
ing the  revetment  in  place,  but  they  failed  in  accomplishing  the  desired  result;  they 
were  easily  torn,  and  the  action  of  the  current  washed  out  the  sand,  rendering  them 
useless  for  the  object  intended.  The  following  tabulated  statement,  showing  the  amount 
of  work  accomplished  by  the  bank-protection  party,  and  its  condition  November  1, 1883, 
with  an  estimate  of  the  labor,  cost,  and  material  required  for  the  different  kinds  of  work, 
has  been  furnished  by  Assistant  Engineer  W.  M.  Childs,  who  has  had  charge  of  this  class 
of  work  from  the  beginning: 
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From  the  above  statement  an  estimate  is  made  of  the  cost  of  protecting  caving  banks 
with  a  woven  mattress  150  feet  widCi  the  slope  graded  and  covered  with  a  brash  revet- 
ment held  in  place  with  stone,  as  follows:  * 

In  this  estimate  a  square  =  100  square  feet. 

Labor  cost  for  100  linear  feet: 

160  squares  mattress,  at  $1.21 $181  50 

40  squares  grillage,  at  $1.61 64  40 

Graded,  at  55  cents 56  00 

60  squares  revetment,  at  $1.70 102  00 

Sinking  190  squares  mats,  at  18  cents _ 34  20 

Covering  with  rock  60  squares  revetment,  at  60  cents 30  00 

467  10 
Add  cost  of— 

Material,  153.75  cords  brush,  at  11.75 $269  06 

Sinking  mats,  72.2  yards  stone,  at  $20 144  40 

Covering  revetment,  30  yards  stone,  at  $2 60  00 

12.5  cords  poles,  at  $2 25  00 

127.2  pounds  spikes,  at  5  cents 6  36 

222}  pounds  wire,  at  7  cents 15  54 

1,000  pounds  iron  rod,  at  5  cents 60  00 

Towing,  estimated  one-«ixth  of  cost  of  tow-boat  service 8332 

/  663  68 

Total  cost  of  100  Unear  feet 1,120  78 

Or,  per  linear  foot,  $11.21. 

SUMMARY. 

Work  wmpltUd  frotti  December  1,  1882,  to  November  1,  1883,  and  in  good  condition. 

Number  linear  feet  pile  dikes,  44,235. 

Number  linear  feet  woven  foot  mats,  11,945;  squares  of  100  square  feet,  9,386.1. 
Number  linear  feet  grillage,  24,341;  squares  of  100  square  feet,  9,566.2. 
Number  linear  feet  woven  mattresses,  5,210;  squares  of  100  square  feet,  9,734. 
Number  linear  feet  bank  revetment,  2,645;  squares  of  100  square  feet,  2,416.22. 

SURVEYS,  ETC.  • 

After  oMnpledng  the  survey  and  maps  of  the  low-water  survey  of  October,  1882,  the 
party  under  Assistant  Engineer  Blunt  made  a  hydrographic  survey  of  the  Choctaw  Reach 
IVom  A  C^ulk's  Point  to  A  Arkansas  City,  occupying  them  fiom  November  16  to  Decem- 
ber 31, 1882,  the  party  returning  to  Wilson's  Point  on  the  latter  date. 

During  January,  1883,  maps  were  made  of  the  Choctaw  Reach  survey,  of  comparative 
soundings  at  Pilcher's  Point,  and  soundings  taken  from  foot  of  Island  93  to  foot  of  Island 
94;  pile  dikes  were  located,  and  the  lines  of  regularized  river  marked  by  flags  on  range 
lines  on  Baleshed  Bar.  In  February  and  March,  soundings  for  comparison  were  taken  in 
varioas  parts  of  the  reach  near  Duncansby  and  Baleshed  Bars  and  Mayersville  Island, 
maps  of  which  were  made  and  are  on  record.  Caving  banks  were  resurveyed,  showing 
changes;  new  levees  located  from  Duncansby  to  Homochitto,  at  Elleslie,  and  at  Shorts, 
and  a  general  preparation  made  in  office  and  field  for  a  high-water  survey.  A  variety  of 
map  work  was  done.  In  April  and  May  a  high-water  survey  was  made  fh>m  Pilcher's 
Point  to  Range  100;  contour  and  section  maps  made.  Sections  for  comparison  were 
sounded  in  tiie  Duncansby  and  Bale^^ed  chutes,  and  similar  work  done  in  June,  July, 
and  August. 

Assistant  W.  T.  Blunt  resigned  May  15,  and  was  succeeded  by  Aasistant  Hart  Vance, 
who  took  charge  May  17.  In  September  a  complete  low-water  survey  was  made  fiom 
Ruige  14  to  Range  107,  shore  lines  and  bars  resurveyed,  and  vrater  sur&ces  determined 
for  slope  in  various  parts  of  the  reach. 

The  survey  was  concluded  in  October,  and  maps  made  of  same,  and  also  in  reduced 
scale  for  annual  reports.  This  survey  shows  Duncansby,  Mayersville,  Baleshed,  and 
Stack  Island  chutes  closed  at  low  water,  and  a  channel  of  not  less  than  10  feet  at  1.5 
on  the  Lake  Providence  gauge  through  the  reach  from  Ashton  to  Point  Lookout. 

The  lowest  gauge  reading  for  the  year  was  4.46  (L.  P.  gauge),  October  6,  so  that  at 
the  period  of  lowest  water  during  this  year  there  was  a  chapel  of  not  less  ^bxl  fifteen 
Jeei  in  that  part  of  the  river  covered  by  the  survey.  The  maps  aocompan3ring  annual 
report  show  all  dike  and  mat  work  constructed  since  the  banning  of  the  work  and 
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standisg  October  31 ;  also  the  sandrbais  appearing  at  the  time  of  the  September  survey, 
and  the  same  bars  as  they  would  have  appeared  in  December,  1881,  before  1^  construo- 
tion  work  commenced,  had  the  river  been  at  the  same  stage  the  September,  1883,  sor- 
vey  was  made.  The  Louisiana  shore  line  at  Pilcher's  Point  has  caved  ba<^  200  yard» 
since  low-water  survey  of  1882.  Th^  maps  of  comparative  sections  were  taken  from, 
surveys  of  February,  1882,  and  September,  1883,  and  show  nearly  the  total  change  in 
the  channel  since  the  beginning  of  dike  construction,  as  but  little  was  done  previous  to 
February,  1882.  Regular  ten-day-progress  sketches  of  construction  work  were  furnished 
up  to  July  1,  except  while  the  party  was  engaged  on  the  Choctaw  Reach.  Since  that 
date  they  have  been  made  onoe  a  month.  All  soundings  were  located  either  by  transit 
or  sextant  in  regular  surveys;  shore  lines  and  bars,  by  stadia  lines  checking  upon  trian> 
gulation  stations.  In  September  gauges  reading  the  same  as  the  Lake  Providence  gaug» 
were  set  at  Lake  Providence  and  Baleshed  dikes,  Wilson's  Point,  and  Sarah's  I^and,  to 
determine  slope.  Of  these,  the  ones  at  Baleshed,  Lake  Providence,  and  Wilson's  Point 
have  been  read  twice  daily;  a  gauge  has  been  maintained  at  the  quarter-boat  the  entirfr 
year,  readings  being  taken  at  7  a.  m.  and  6  p.  m. 

Feet. 

Lowest  gauge  reading  October  5, 1883 4.46- 

Highest  gauge  reading  July  6,  18a3 _ 35.30 

Oscillation  of  river 30. 8& 

Stimmary  of  work  done  iy  the  survey  party. 


Choctaw 
Re«oh. 


I  Lake  Provf- 
dence  Reach.; 


Totals. 


General  surveyH 

Number  of  sQundingfl 

Uansee  located 

Shore  lines  located .miles. 

81ope  observations 

Triangular  stations  built 

Triangular  stations  located. 

Special  surveys 

Loogitudinal  soundings 

Levels  run miles. 

Maps  made 

Tracings... 


1 
2,088 
78 
» 
10 
86 
80 


2 
18,S35  i 


25 

16 
17 
12 
18 
148 


15,  ns 

7ft 
9» 

28. 

4Z 

IS 

14» 

a» 

m 
n 


This  party  was  under  the  charge  of  Assistant  Engineer  W.  T.  Blunt  until  May  13, 
1883,  and  from  that  time  until  November  1,  under  that  of  Assistant  Engineer  Hart 
Vance.  The  above  report  of  the  work  done,  and  the  tracings  accompanying  tbis  report, 
have  been  fhrnished  by  Assistant  Engineer  £.  D.  Thompson,  who  is  at  present  in  chaige 
of  the  party. 

Plant,  &c. 


The  following  is  a  list  of  boats  and  barges,  &c,on  reach  November  1, 1863:  19  quar- 
ter-boats; 1  boat  used  as  machine  and  repair  shop;  1  tow-boat  (Vidalia) ;  3  tow-boats 
(cluutered);  1  steam-launch  (Nellie);  1  snag-boat  (O.  G.  Wagner);  2  hydraulic  graders; 
1  derrick-boat;  9  large  mattress-boats;  4  small  mattress-boats;  21  pile-drivers;  5  coal- 
boAges  (decked) ;  46  decked  barges  (brush  and  stone) ;  1  catamaran;  9  coal-barges  (open ) ;: 
1  ooal-boat;  10  small  flats  for  pile-driving;  60  skif^;  195  pieces  in  all. 

Five  of  these  quarter-boats  were  built  here  on  the  hulls  of  coal-baiges,  one  ooal-barga 
decked  and  one  cut  down  to  serve  as  a  mooring-barge.  The  rakes  and  sides  of  35  baigea 
and  5  pile-driverB  have  been  caulked,  changes  and  repairs  made  to  pilerdrivers,  and  th& 
general  repairs  incident  to  so  large  amount  of  floating  property,  kept  up.  The  plant  i» 
generally  in  good  condition  except  some  of  the  coal-boats,  which  are  worthless.  The 
bottoms  of  some  of  the  barges  will  need  caulking  next  season. 

The  average  cost  of  subsisting  the  employ^  for  each  days'  labor  secured,  has  been 
42.2  cents,  including  cost  of  ice  during  the  warm  months.  The  number  of  days'  serviee- 
obtained  each  month  has  been  as  follows:  « 


December,  1882 14,077 

January,  1883 19,008 

February,  1883 10,826 

March,  1883 6,785 


April,  18a3 8,565  \  August,  18a3... 

May.  1883 9,721  !  September,  1883 

June,  1883 13,017  ,  October,  1883.. . 

July,  1883 13,296 


.  14,54T 
.  12.234 

.  14.841 
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OENEBAL  BEMARKH. 

The  general  effect  of  the  work  done  has  been  such  as  to  give  a  better  channel  throagh 
the  crossings  which  heretofore  at  low  water 'have  been  shoal.  At  the  lowest  water  this 
year,  4.45  feet  on  the  Lake  Providence  gange,  there  was  a  good  15-foot  steamboat  chan> 
nel  through  the  entire  length  of  the  reach,  as  shoif^Ti  by  the  October  survey.  Difficulties 
have  been  encountered  in  pushing  the  work  during  the  months  of  August,  September, 
and  October,  principally  on  account  of  lack  of  labor  and  sickness  among  the  men,  caused 
by  the  malaria  incident  to  this  climate.  Neither  sufficient  material  could  be  obtained 
from  the  the  contractors,  nor  labor  to  have  used  it  had  material  been  supplied.  During 
these  months  but  little  progress  can  be  made,  reducing  the  time  when  work  can  be  done, 
so  as  to  take  advantage  of  the  low- water  season,  to,  say  about  three  months  from  the 
middle  of  October  to  the  middle  of  January.  White  laborers  in  August,  September,  and 
until  about  the  middle  of  October  get  sick  soon  after  their  arrival  and  become  inefficient; 
the  colored  labor  prefer  cotton-picking  and  leave  the  work  about  this  time.  The  labor 
question  during  these  months  is  a  serious  one,  and  together  with  the  difficulty  of  obtain- 
ing sufficient  material,  brush  and  stone,  on  account  of  its  bulk  and  the  distance  it  has 
to  be  transported,  will  always  be  serious  drawbacks  to  the  rapid  prosecution  of  the  work 
when  the  condition  of  the  river  is  the  most  fiivorable  to  work  to  the  best  advantage, 
-which  is  generally  at  this  season  of  the  year.  To  the  assistant  engineers  in  charge  of 
the  construction  parties  and  those  engaged  under  them  credit  is  due  for  the  interest  dis- 
played, the  ability  shown  in  pushing  their  work,  often  under  unfavorable  conditions, 
and  to  their  untiring  efforts  in  this  direction,  in  a  great  measure,  is  due  whatever  success 
lias  been  attained.  The  assistant  engineers  in  charge  of  the  surveys  have  also  kept  their 
-work  well  up,  as  evidenced  by  the  surveys  made  and  maps  furnished.  To  all  the  em- 
ploy^ I  feel  under  obligations  for  their  hearty  support  in  carrying  on  the  work. 
Very  respectfully, 

ARTHUR  HIDER, 
Assistant  Engineer  in  Charge, 

Capt.  W.  L.  Marshall, 

Corps  of  Engineers,  U,  8.  A, 

L  2. 

SBPOBT   OF   J.   B.  TUBTLS,    ASSISTANT    ENGINEEB,    UPON   OPKBATIOK8   AT   PILCHKB'S 

POINT. 

Pilcheb's  Point,  La.,  November  3,  1883. 

Captain:  In  compliance  with  your  orders  of  September  21,  I  have  the  honor  to  sub- 
mit herewith  the  following  report  of  operations  of  the  improvement  of  the  Mississippi 
River  at  Pilcher's  Point,  ftom  May  17  to  October  31,  1883: 

This  work  was  originally  assigned  to  Assistant-Engineer  J.  E.  Willard,  who,  under 
your  instructions,  reached  Pilcher's  Point  on  May  17,  and  with  a  small  labor  force, 
four  carpenters  and  blacksmith,  commenced  the  erection  of  such  buildings  and  making 
such  preparations  as  were  necessary  for  the  beginninic  and  completion  of  this  work. 
•  The  buildings  erected  are  as  follows:  1  office  and  sleeping  apartment  for  assistant  en- 
gineer and  clerks,  1  kitchen  and  dining-room,  1  commissary,  1  store-room,  1  stable,  1 
blacksmith  shop. 

Besides  the  above  carpenter  work,  there  was  constructed  in  the  early  part  of  the  sea- 
son one  mattress  head,  163  by  20  feet,  which  will  be  hereafter  described,  and  ventilators 
were  put  on  three  quartei^boats.  While  the  above  work  was  in  progress  the  labor  force 
was  employed  in  cutting  timber  from  caving  bank,  and  cutting  poles  for  mattress. 

Owing  to  the  scarcity  of  labor,  the  force,  which  consisted  of  20  men,  could  not  be  ma- 
terially increased,  and  it  was  August  13  when  the  necessary  preparations  were  made  for 
the  construction  of  mattress.  On  that  date  a  mat  was  b^un.  As  there  was  no  tow-boat 
at  this  time  secured  for  this  work,  and  as  the  sickly  season  was  approaching,  with  a 
probable  shortage  of  material  on  part  of  the  contractors,  on  August  16  yon  issued  orders 
that  there  should  be  no  further  steps  taken  to  increase  the  force. 

Mattress  construction  was  continued  without  any  material  change  in  the  force  until 
September  15,  when  orders  were  received  to  increase  the  force  as  rapidly  as  possible. 

Assistant  Engineer  J.  £.  Willard  resigned  on  August  31,  and  I  was  placed  in  charge, 
having  reported  for  duty  on  August  27. 

From  September  15  every  available  step  was  taken  to  increase  the  force,  but  owing-to 
the  continued  warm  weather  there  was  a  marked  scarcity  of  labor  until  the  early  part 
of  Oet4)ber.     On  October  3  a  brush  party  was  started  on  Sarah's  Island,  opposite  AHhton, 
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with  a  force  of  thirty-one  laborers;  which  force  was  increased  as  much  as  could  be  done 
without  anj  detriment  to  the  construction  of  mattress. 

The  brash  jMity  is  at  present  making  good  progress,  and,  with  the  addition  of  the  tram- 
card  now  ordered,  will  supply  the  three  mattress-boats  at  this  place.  The  shortest  haul 
of  the  brush  is  one  mile,  and  I  think  there  can  be  secured  from  Sarah's  Island  8,000 
cords  of  choice  brush. 

♦  DESCRIPTION  OF  WORK. 

The  mattresses  are  constructed  in  the  usual  way,  upon  ways  built  on  mattre88-bai>;cs, 
launches  being  made  when  the  ways  are  full,  by  means  of  lines  and  captains;  the  mate- 
rial employed  being  poles,  longitudinal  and  transverse,  willow  brush,  spikes,  wire,  and 
iron  rods  which  run  longitudimdly  through  the  mattress.  These  rods  are  fastened  to- 
gether by  means  of  lap-links,  and  fastened  to  the  weaving-poles  by  means  of  staples;  at 
every  hundred  feet  they  are  fastened  to  the  mat  by  wire,  the  connection  of  the  rods  be- 
ing continuous. 

The  brush  is  hauled  by  mules,  on  cars  properly  adapted  for  the  purpose.  These  cars 
are  four  feet  gauge,  and  run  on  a  track  made  of  wooden  rails,  iron  rails  being  employed 
in  the  curves. 

On  October  16,  the  first  mat  at  this  place  was  succesafiilly  sunk,  and  two  others  com- 
menced; one  at  the  head  of  caving  bank,  the  other  overlapping  the  one  sunk.  The  locf^ 
tiou  of  these  mats  is  shown  on  tracings  accompanying  this  report.  At  this  date  thero 
are  under  construction  two  mattresses,  one  150  feet  in  width,  the  other  182  feet  in  width. 
Each  of  these  is  making  good  progress,  and  is  being  pushed  as  rapidly  as  possible.  The 
amount  of  mat  made  now  per  day  is  nearly  double  that  made  ten  days  ago,  without  any 
change  in  the  force  employed.  This  is  due  to  the  fact  that  when  laborers  come  here  the 
work  is  entirely  new  to  them. 

There  is  in  readiness  a  third  mattress  barge,  which  will  be  put  in  use  as  soon  as  the 
supply  of  bnish  can  be  increased.  One  of  the  mattress  boats  is  supplied  with  poles  by 
hired  labor,  the  other  is  furnished  by  a  contractor. 

The  mattress  head  employed  and  intended  to  be  used  instead  of  a  mooring-barge 
proved  a  perfect  success;  a  drawing  of  this  mattress  head  is  submitted  with  this  report. 
This  mattress  head  consists  of  two  chords,  20  feet  apart,  with  a  series  of  cross  and  diag- 
onal bracing,  and  a  hog-chain,  as  shown  in  drawing. 

The  up-stream  chord  is  12  inches  in  width  by  30  inches  in  depth;  th^  lower  one  12 
inches  in  width  by  19  inches  in  depth;  these  chords  are  one  hundred  and  sixty- three  feet 
in  length,  and  have  a  camber  of  6  inches;  they  are  oonstrncted  of  pine  plank.  During 
the  construction  of  the  mattress  it  is  by  lines  anchored  to  the  mattress  head.  During 
the  sinking,  the  mattress  head  is  sunk  with  the  mat,  and  by  means  of  a  lever  and  tripa 
the  mattress  head  is  released  from  the  mat  and  again  used.  The  method  employed  in 
sinking  and  releasing  the  mattress  head  is  as  follows:  The  mat  to  which  it  was  attached 
was  1,228  feet  in  length  by  152  feet  in  width.  The  sinking  of  the  mat  was  commenced 
near  the  center  and  the  mat  loaded  with  stone  both  ways;  in  this  way  the  entire  mat 
was  gone  over  and  sunk  to  a  depth  varying  from  10  feet  to  35  feet. 

Two  barges  were  then  lashed  together  side  by  side,  and  about  8  feet  apart,  and  placed 
about  50  feet  from  mattress  head;  and  this  portion  of  the  mat  loaded  for  the  second 
time.  These  barges  were  by  means  of  lines  puiled  up  stream  and  toward  the  mattress 
head,  the  stone  being  thrown  from  each  barge  on  the  up  and  down  stream  sides.  This 
loading  caused  the  mattress  head  to  sink  rapidly.  Previous  to  this  second  loading  of 
the  mattress,  the  depth  of  water  at  outer  end  of  mattress  head  was  carefully  taken, 
a  sounding  line  was  made  &st  to  lower  chord  of  mattress  head  and  held  by  a  man 
in  a  skiff,  the  object  of  this  was  to  know  how  rapidly  the  mattress  head  was  sinking. 
When  it  had  sunk  to  }  of  the  entire  depth,  ten  men  who  were  ready  to  haul  on  a  line 
made  fast  to  ring  at  upper  end  of  lever  were  ordered  to  pull.  The  mattress  head  waa 
at  once  released,  and  the  head  of  the  mat  being  relieved  of  its  buoyancy  sank  rapidly  to 
the  bottom. 

The  snag-boat  Wagner  reported  for  duty  on  September  21,  and  has  been  emplo^'ed  in 
pulling  snags  from  this  bend;  she  was  employed  7  days  pulling  piles  from  dike  at  head 
of  Duncansby  chute,  and  has  lost  5}  days  in  making  repairs. 

Towboat  Pearl  reported  for  duty  September  22,  and  has,  with  the  exception  of  a  few 
days,  been  constantly  employed. 

SUMMARY  OF  WORK  DONE. 

Built:  One  office  and  sleeping-room,  28  by  22  feet;  1  kitchen  and  dining-room,  30  by 
18  feet;  1  oommissary,  32  by  20  feet;  1  warehouse,  32  by  20  feet;  1  stable,  20  by  15  feet; 
1  blacksmith  shop,  14  by  16  feet;  1  mattress  head. 

VentilatoTs  placed  on  3  quarter-boats. 
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Roofs  of  4  quaiter-boats  painted. 

Mattress  constructed:  928  by  152  feet,  300  by  235  feet,  610  by  150  feet,  565  by  182 
feet. 

Mattress  sunk:  928  by  152  feet,  300  by  235  feet. 

Snags  pulled:  184;  piles  pulled,  122;  cords  of  brush  cut,  2.059;  cords  of  brush  hauled 
dMid  Ic^ed  on  barges,  1,109;  cords  of  poles  cut,  94. 

Feet  of  track  laid,  8,324;  feet  of  track  corduroyed,  1,872.  • 

Timber  has  been  cleared  from  the  bank  below  Pilcher's  Point  for  a  distance  of  5,248 
leet  and  400  feet  in  width,  and  above  Pilcher's  Point  for  a  distance  of  1,480  by  100  feet 
in  width. 

Respectfully  submitted. 

J.  E.  TURTLE, 
U.  S,  Asst.  EngtTieer, 

Capt  L.  W.  S.  Marshall, 

Corpi  of  Engineers^  U.  S.  A. 


KBPOBT  OF  H.  ST.  L.  COPPBE,   ASSISTANT  SNGINEEB,   UPON   IMPBOVKMBNT  OF  VICKS- 

BUBO   HABBOB. 

OCTOBEB  21,  1883. 

.  Captain  :  I  have  the  honor  to  submit  herewith  a  report  on  the  improvement  of  Ticks- 
burg  Harbor,  dating  from  December  1, 1882,  to  October  10,  1883,  accompanied  by  maps, 
profiles,  tables,  &c. 

Very  vespectfhlly,  yours, 

H.  ST.  L.  COPPEE, 

Asmtant  Engineer. 
CHapt.  W.  L.  Mabshall, 

Corps  of  Engineers^  U.  8.  A. 

BBPOBT    on  IMPBOVEBiENT    OF    VICKSBUBO    HABBOB,     FBOM   DECEMBEB  1,    1882,   TO 

OCTOBEB  10,    1883. 

I  have  divided  the  following  report,  in  accordance  with  the  progress  of  the  work,  into 
Ave  parts,  viz:  The  protection  of  Delta  Point,  La. ;  dredging  in  Yicksburg  Harbor  proper; 
survey  of  harbor  and  Mississippi  River  in  the  vicinity;  results  obtained  by  comparison 
of  surveys  from  1877  to  1883;  and  tables. 

The  protection  of  Delta  Point,  with  a  view  to  stopping  the  caving  of  it8  banks  and 
keeping  the  channel  of  the  river  as  near  its  old  bed  as  possible,  was  commenced  in  1878 
imd  carried  on  in  succeeding  years  up  to  the  season  of  1882,  under  the  direction  of  Maj. 
W.  H.  H.  Benyaurd.  During  this  time  a  spur-dike  was  constructed  with  brush  and 
stone,  two  screen-dikes  built  and  anchored  in  the  current,  and  144  mattresses  sunk  (as 
shown  on  maps),  the  last  mattress  sunk  in  1881,  occupying  a  position  just  below  the 
spur-dike.  In  October,  1882,  I  commenced  the  further  revetment  of  the  point,  under 
jrour  directions.  In  compliance  with  an  order  received  from  you  November  24,  1882,  I 
forwarded  to  your  office  a  report,  accompanied  by  maps,  giving  the  positions  and  extent  of 
the  work  accomplished  at  Delta,  up  to  December  1  of  that  year;  also  a  description  of  the 
methods  adopted  and  under  way,  for  protecting  the  banks  against  the  action  of  the 
«arrent.  These  methods  were  not  changed,  but  the  work  carried  on  in  the  same  manner 
to  its  completion,  with  the  one  exception,  that  the  plan  of  driving  piles  through  the  upper 
«dge  of  the  mattress  was  abandoned,  so  that  no  obstructions  would  be  offered  to  the  sinking 
•of  mats  on  the  upper  graded  bank  during  high  water,  in  place  of  revetment.,  which  it 
-would  be  impossible  to  build.  . 

December  1,  1882,  the  condition  of  the  work  was  as  follows: 

Ctrade  of  upper  bank,  finished  to  a  slope  of  about  2j^tol linear  feet..  1,47& 

Crrade  partly  finished do 300 

Poles  or  frame- work  on  upper  bank do 305 

Upper  bank  revetted  with  brush do 800 

Upper  bank  revetted  with  brush  and  covered  with  stone square  yards.  .  2,929 

Poo t-mats  built,  35  feet  wide... __ _ .linear  feet-.      400 

foot-mats  built  and  sunk,  35  feet  wide do 140 

Mattresses  constructed,  144  feet  wide. do l,*i60 

Mattresses  constructed  and  sunk,  144  feet  wide... ..do 894 

Piles  driven  through  edge  of  mattresses 54 


t 
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At  this  time  the  water  was  standing  at  13.7  feet  on  the  gauge,  and  all  other  conditions 
favorable  for  pushing  the  work.  About  440  men  were  employed;  90  at  the  brush  camps, 
10  at  the  pole  camp,  332  constructing  mattresses,  revetting  the  upper  liank,  grading  with 
shovclsi  &c. ,  and  18  on  the  hydraulic  grader.  This  force  was  as  great  as  we  could  pos- 
sibly keep  in  work,  with  the  plant  in  use.  The  work  was  carried  on,  the  force  employed 
varying,  but  approximating  the  above  number,  until  February  10, 1883,  wlien,  owing  to  the 
high  s^e  of  water  and  lack  of  funds,  it  was  abandoned.  January  5, 1883,  the  hydraulic 
grader  No.  1,  having  cut  the  banks  to  the  required  slope  as  &iT  down  the  river  as  it  would 
be  possible  to  mattress  during  the  season,  returned  to  Wilson's  Point,  having  during  its 
stay  at  Delta,  from  November  7  to  January  5,  graded  3, 500  linear  feet  of  bank.  During  the 
month  of  December  it  moved  38, 790  cubic  yards  of  earth.  Operations  during  the  month  of 
February  were  carried  on  with  much  difficulty,  owing  to  the  high  stage  of  water,  swift 
current  and  constant  annoyance  occasioned  by  the  drift  in  the  river;  at  one  time  the  pres- 
sure from  the  latter  on  our  mattress  barge,  was  so  great  as  to  bireak  the  lines  connecting 
it  with  the  floating  mattress,  and  carry  it  down  the  river  nearly  a  mile.  The  mattresses 
were  also  sunk  with  trouble,  the  drift  having  accumulated  under  them  to  such  an  extent 
during  their  construction.  During  the  progress  of  the  work,  t.  e. ,  from  October  10, 1882 — 
to  February  10,1883 — ^no  portion  of  the  mattresses,  foot-mats,  or  bank  revetment  was  lost. 
The  work  acx^mplished  during  this  time  was  as  follows: 
Mattresses  constructed  and  sunk: 

MattressNo.    1 _ feet..  130x184 

Mattress  No.    2 _' do...  140    365 

MattressNo.    3 _ ._ do...  144    358 

MattressNo.    4 do...  144    280 

MattressNo.    5 do.__  144      87 

MattressNo.    6_ do..     144    300 

MattressNo.    7 ...do...  144    285 

MattressNo.    8 do...  144    400 

MattressNo.    9 do...  144    460 

Mattress  No.  10 do...  144    408 

Mattress  No.  11 do...  136    476 

MattressNo.  12 _ do...  144      80 

MattressNo.  13 -.. do...     80    745 

Mattress  No.  14 do...  140      46 

MattressNo.  15 --_ .do...   140      40 

MattressNo.  16 do...  150      40 

Foot-matB  constructed  and  sunk,  about  35  feet  wide linear  feet. .  830 

Bank  revetted  and  covered  with  stone do 3,  500 

Piles  driven — 96 

iisr^dS s^'vi'" ''  i^'^t } "--««»--  ^'^ 

Unfinished  work: 

Revetted,  but  not  stoned feet—    400X25 

Pole  or  frame  work  finished do —    112    18 

The  position  and  extent  of  the  work  is  shown  in  plan,  as  on  accompanying  plate.  The 
cost  of  protecting  the  bank  at  Delta — t.  e.,  the  oost  for  labor  and  materials,  not  including 
camp  expenses,  purchasing  tools,  rope,  general  outfit,  towing,  superintendence,  aasisl? 
ants,  clerks,  &c. — was  as  follows: 

Oost  cf  conUrw^ing  and  sinking  100  fed  of  matiress  144  feet  ynde. 

Brush,  60  cords,  at  $2. 53 $151  80 

Poles,  166,  at  32  cents _ 63  12 

Wire  No.  12,  170  pounds,  at  5  cents 8  50 

Spikes,  6-inch,  50  pounds,  at  5  cents 2  50 

Nails,  40d,  30  pounds,  at  4  cents. _ 1  20 

Rock,  60  cubic  yards,  at  f  1.90 114  00 

60  men,  1  dayjat$1.65  (including  subsistence) 82  50 

1  foreman,  at  $2.15  (including  subsistence) 2  16 

1  master  laborer,  $1.90  (including  subsistence) - 1  90 

Totel 417  60 

Cost  per  linear  foot  of  mats _ 4  17 
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Co6t  of  100  feet  of  upper  bank  revetment,  75  feet  wide. 

Brush,  30  cords,  at  $2.53 $75  90 

Poles,  150,  at  32  cents - .-  48  00 

Wire,  No.  12,  375  pounds,  at  5  cento _ _ _ 18  75 

Spikes,  6  inches,  60  pounds,  at5  cents ' 3  00 

Rock,  150  cubic  yards,  $1.»0 285  00 

Fifty  men  (1  day),  $1.65  (including  subsistence)  -_ 82  60 

One  foreman  (1  day),  $2.15  (inclu<Ung  subsistence) 2  15 

One  master  laborer  (1  day),  $1.90  (including  subsistence) 1  90 

Total , 517  20 

Cost  per  linear  foot  of  revetment,  $5.17. 

The  excessive  cost  of  willow  brush  and  poles  used  in  the  above  estimate  was  due  to 
the  long  haul  necessary  in  order  to  obtain  them  of  the  desired  size  and  quality  and  in 
sufficient  quantities,  and  also  to  the  soft  condition  of  the  bar  ^m  which  they  were  se- 
cured. 

Cost  of  grading  100  feet  of  bank  75  feet  wide  (aveiagi  30  feet  high  above  water  sur- 
&ce:  Average  excavation  grader  No.  1  in  bank;  100  feet  by  75  feet  =  3,000  cubic  yards, 
at  5  cents,  $150. 

Grading  with  shovels: 

Seventy  men  ^2  daysj,  $1.65  ^including  subsistence) _._ .-^ —  $231  00 

Otoe  foreman  (2  days),  $2.15  (including  subsistence^ 4  30 

One  master  laborer  (2  days),  $1 . 90  (including  subsistence)  .._ 3  80 

Small  grader  and  boxer,  $7.00  per  day  (2  days) 14  00 

Total— 1 403  10 

Cost  of  grading  per  linear  foot,  $4.03. 

BECAFITULATION. 

Cost  of  mats  per  linear  foot _. $4. 17 

Cost  of  revetment  per  linear  foot 5.17 

Cost  of  grading  per  linear  foot 4.  05 

Cost  of  protecting  bank  per  linear  foot 13.37 

February  10  the  water  stood  32.7  feet  on  the  Yicksburg  gauge,  and  continued  at  a  high 
stage,  as  shown  in  the  table  of  gauge  readings,  appended,  until  early  in  July.  During 
this  entire  time  ^  current  of  5.6  feet  per  second,  swept  by  the  revetted  bonk,  making 
further  operations  there  impracticable,  even  had  the  work  been  incomplete  and  funds 
available.  In  the  latter  paii}  of  February  you  directed  me  to  have  five  of  the  coal  barges 
used  during  the  season  decked,  for  the  purpose  of  carrying  brush  on  the  Lake  Providence 
reach;  this  was  accomplished,  and  they  were  sent  early  in  March  witli  the  balance  of  the 
Delta  outfit  to  Wilson's  Point. 

DBEDOINO  m  YICRSBUBG  HABBOB. 

The  first  part  of  the  original  plan  recommended  by  the  Board  of  Engineere  (January, 
1878)  for  the  improvement  of  the  harbor,  t.  e.,  the  protection  of  Delta  Point,  having  been 
accomplished,  the  second  part,  or  dredging  a  eanal  and  basin  in  front  of  the  city,  was 
commenced  April  5,  1883.  November  30,  1882,  the  contract  for  dredging  was  awarded 
to  Mr  Rittenhouse  Moore,  of  Mobile,  the  understanding  being  that  in  accordance  with 
the  specifications  issued  by  you,  he  would  commence  work  before  February  1, 1883,  and 
finish  to  the  full  extent  of  the  avaUable  funds  ($100,000)  by  October  1  of  the  same 
year.  April  2,  or  two  months  after  the  time  specified  in  the  contract,  the  dredge  Thos. 
H.  Hemdon  was  towed  into  the  harbor;  and  April  5  commenced  excavating;  your  in- 
structions being  to  dig  a  basin  1,700  feet  long  by  SK20  feet  wide,  down  to  a  horizohtal  plane 
passing  through  the  zero  of  the  gauge,  thence  to  the  same  plane,  a  canal  into  the  lake  150 
feet  wide  by  approximately  2,500  feet  long  (the  position  of  canal  and  basin  is  shown  on 
accompanying  plate,  XI),  thence  to  move  the  dredge  to  the  southwest  entrance  to  the 
lake,  and  cut  a  channel  through  the  bar  forming  there,  of  sufficient  width  and  depth  to 
allow  boats  to  enter  with  a  view  to  giving  Vicksburg  a  temporary  harbor  during  low 
water.  The  dredge  was  what  is  known  asa  crab  or  clam-shell  dredge,  capable  of  exca- 
vating, when  well  handled,  on  an  average  4,000  cubic  yards  in  twenty-four  hours. 

Up  to  April  10  work  was  carried  on  in  the  day-time  only,  but  from  that  day  until 
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its  abandonment  on  account  of  low  water  the  dredge  worked  twenty-four  hours  each 
day,  with  the  exception  of  Sundays,  which  were  used  for  repairs  to  machinery.  Two 
inspectors  were  employed  by  the  Government  to  measure  the  amount  of  material  exca- 
vated and  placed  in  scows,  eabh  inspector  remaining  on  the  dredge  twelve  hours,  thus 
dividing  the  day  into  two  watches,  as  was  also  done  by  the  crew  employed  by  the  con- 
tractor. Two  scows  were  used  to  convey  the  material  excavated  to  the  point  designated 
by  the  inspector.  The  capacity  of  the  scows  were  respectively  116  and  266  cubic  yards. 
Ae  material  was  dumped  in  the  low  ground  in  the  willow  ridge  opposite  the  compress 
(as  shown  on  map),  the  haul  or  tow  being  about  one  mile,  round  trip,  from  the  center 
of  the  basin.  At  first  it  was  impossible  to  dredge  to  the  desired  plane  (zero),  as  the 
guide  or  bucket-poles  were  not  of  a  sufficient  length  to  allow  of  the  bucket  reaching^ 
that  depth,  thus  making  it  neoessiiry  to  go  over  a  portion  of  the  proposed  basin  twice. 
It  will  be  noticed  by  a  glance  at  the  gauge  table  that  during  the  early  stages  of  the  work, 
nearly  two  months,  the  water  was  above  the  forty-foot  mark;  the  dredging  was  neces- 
sarily slower  and  performed  with  greater  difficulty  than  afterwards,  when  the  river  fell 
to  a  lower  level.  During  the  progress  of  the  work  there  were  numerous  break-downs^ 
and  delays,  in  many  instances  caused  by  bad  management  on  the  part  of  those  represent- 
ing the  contractot.  At  times  the  force  employed  on  the  dredge  was  not  sufficient  to  do 
the  work  properly.  There  were  also  some  delays  caused  by  the  careless  handling  ot 
boats  that  frequented  the  harbor,  running  over  the  guide  stakes,  lights,  &c.  This,  however, 
was  soon  remedied  by  cautioning  the  pilots,  it  being  to  their  interest  to  help  rather  than 
to  retard  the  work.  The  dredging  was  at  first  confined  to  the  basin,  the  material  being 
taken  out  in  cuts  40  feet  wide,  but  not  to  the  zero,  as  stated  above,  because  of  the  short- 
ness of  the  bucket-poles.  Six  parallel  cuts  were  taken  out  the  entire  length  of  the  basin, 
commencing  at  the  western  e^e  and  working  eastward  to  a  plane  about  5  feet  above 
zero;  thence.  May  26,  the  dredge  was  moved  to  its  eastern  edge,  and  the  water  being^ 
sufficiently  low  commenced  excavating  to  the  zero.  Four  cuts  were  made  working  west- 
ward with  the  exception  of  a  small  rid^e  in  front  of  and  close  to  the  elevator,  which  it 
was  impossible  to  dig  with  the  bucket  in  use.  As  the  contractor  claimed  that  this  ma- 
terial was  rock,  I  had  borings  made  and  found  it  to  be  as  I  anticipated,  simply  a  hard, 
compact  deposit. 

The  contractor  was  requested  to  send  us  a  bucket  capable  of  removing  this,  but  did 
not  comply  with  the  request.  July  18  the  condition  of  the  work  was  as  follows  (all  the- 
operations  having  been  confined  to  the  basin) : 

Four  cuts  or  160  feet  from  western  edge  excavated  to  +  5  feet.  Four  cuts  or  160  feet 
firom  eastern  edge  excavated  to  zero,  leaving  160  feet  to  be  re-dredged  in  order  to  finish 
the  basin  to  the  required  depth.  There  was  practically  no  more  work  done  in  the  basin. 
As  the  water  at  this  time  (July  18)  had  fallen  to  38  feet  on  the  gauge  and  was  going  down 
rapidly,  you  thought  it  expedient  before  finishing  the  basin  to  make  a  couple  of  cuts  (a 
canal  80  feet  wide  to  zero)  to  deep  water  in  the  lake,  in  order,  if  possible  to  prevent  the 
necessity  of  moving  the  wharf  boat  and  general  river  business  to  the  lower  landing.  The 
dredge  was  therefore  placed  in  the  temporary  canal,  and  worked  there  until  August  2, 
when  you  ordered  her  moved  to  the  southwest  entrance  to  the  lake.  The  lower  en- 
trance to  the  landing  was  at  that  time  closed,  and  the  upper  or  southwestern  shoaling 
rapidly.  The  temporary  canal  was  then  in  the  following  condition:  One  cut  40  feet  by 
2,500  feet  excavat^  to  zero,  and  a  portion  of  a  second  1,000  feet  to  the  same  plane.  Au- 
gust 3,  dredging  commenced  at  a  point  on  King's  Bar,  marked  on  the  map  West  Pass, 
in  twelve  feet  of  water  (the  gauge  reading  31.5  feet)  and  carried  on  up  to  the  24th.  The 
material  to  be  moved  was  of  such  a  consistency  (compact  sand)  that  the  soft-bottom 
bucket  had  to  be  abandoned,  and  one  shipped  by  the  contractor  from  Mobile  used  in  its 
place.  This  worked  to  much  better  advantage,  but  was  not  a  success.  Numerous  expe- 
dients were  resorted  to,  but  the  plan  of  making  a  passage  through  the  bar  had  finally 
to  be  abandoned  and  the  dredge  towed  back  to  the  second  cut  in  the  temporary  cunal. 
The  accompanying  map  and  profiles  show  the  position  and  dimensions  of  the  excava- 
tion at  West  Pass;  its  present  condition  is  not  all  due  to  the  dredging,  but  in  preat 
part  to  the  scouring  force  of  the  current  running  from  the  lake  into  the  river  at  that 
point  The  probability  is  that  a  rising  river  will  fill  this  up  again  in  a  short  time. 
From  August  24  until  September  18  the  dredger  worked  in  the  temporary  canal.  At 
the  latter  date  the  gauge-reading  was  7.4  feet,  the  dredge  drawing  7.5  feet  As  your 
orders  were  not  to  excavate  below  the  zero  plane,  it  was  impossible  to  continue  until  the 
river  should  rise.  The  dredge  was  therefore  removed  to  deep  water  in  the  lake,  and  as 
the  river  has  continued  to  &11  steadily,  has  remained  there  to  date.  Should  the  con- 
tractor wish  to  remove  his  outfit,  the  time  for  finishing  the  contract  (Sept.  30)  having 
expired,  it  will  be  impossible,  all  access  to  the  main  river  being  closed.  During  the 
progress  of  the  work,  a  record  of  the  material  dredged  was  kept,  giving  the  excavation 
per  scow,  per  watch,  day,  &c.,  the  causes  of  delay,  and  general  log. 

Table  No.  10  gives  the  amount  of  material  excavated  each  month,  that  taken  firom  the- 
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basin,  temporary  canal,  and  West  Pass,  and  tota^.  The  total  amount,  360,035  cubic 
jards,  at  12.1  cents,  $42,354.23,  minus  10  per  cent.,  $38,118.81,  has  been  paid  the  con- 
tractor  in  monthly  estimates.  The  condition  of  that  portion  of  the  lak6  where  the  ex- 
cavation was  made  at  the  present  time,  to  which  I  will  refer  in  the  results  obtained  by- 
comparison  of  surveys,  will  show  a  decided  filling  or  sliding  In  from  the  sides,  giving  a 
very  poor  idea  of  the  amount  of  material  originally  dredged.  There  was  also  a  deposit 
taking  place  during  the  entire  time  of  dredging,  as  shown  on  the  profiles.  Plates  XII 
And  XIII. 

8UKVEY. 

Early  in  September,  in  accordance  with  instructions  to  make  a  thorough  survey  of  the 
harbor  and  Mississippi  River  in  the  vicinity,  for  the  purpose  of  comparing  the  data  thuB 
•obtained  with  the  surveys  of  previous  years,  with  a  view  to  ascertaining  the  probable 
■additional  cost  of  dredging,  should  it  be  deemed  expedient,  and  noting  the  changes  that 
had  taken  place  in  the  main  river,  I  put  a  party  into  the  field  and  obtained  all  the  de- 
sired information  by  the  10th  instant.     The  work  in  the  inner  harbor  was  pursued  with 
aome  difficulty,  being  not  only  expensive  but  dangerous,  the  mud-lmr  in  front  of  the  city 
being  in  such  a  condition  as  to  necessitate  the  laying  of  plank  in  order  to  obtain  the 
elevation  of  the  ground  sounded  the  year  before.    The  laborers  employed  in  placing  the 
plank  ways  wei-e  numerous  times  immersed  up  to  their  armpits,  and  but  for  the  boturds 
to  which  they  dung  would  have  disappeared  entirely.     This  extremely  soft  deposit  ex- 
tended the  entire  length  of  the  proposed  permanent  canal  and  basin,  with  the  excepUon 
of  a  small  strip  of  bar  at  section  No.  1 ;  the  ground  there,  being  much  higher,  was  hard- 
ened by  the  sun,  but  one  foot  below  the  surface  was  very  soft,  as  I  ascertained  by  at- 
tempting to  drive  my  horse  over  it. 

The  survey  consisted  in  remeasuring  and  either  leveling  over  or  sounding  the  sections 
sounded  in  1881  and  1882  in  the  inner  harbor,  twenty-three  in  number,  running  a  line 
of  levels  from  Ryan's  lower  saw-mill  to  a  point  on  King's  Bar  opposite  the  Delta 
wharf-boat,  obtaining  the  low-water  line  of  King's  Bar,  the  middle-ground  bar,  the  bar 
Above  Delta,  and  the  bar  just  below  the  revetted  portion  of  the  Delta  Point  bank,  sornnd- 
ing  twelve  sections  in  the  upper  lake  and  fifteen  sections  in  the  main  river.  A  meander 
line  was  run  up  to  King's  Point.  Levels  were  also  carried  from  the  gauge  at  Kleinston  to 
the  gauge  in  the  lake,  the  difference  in  elevation  of  the  water  in  the  river  and  lake  ob- 
tained, cross-sections  made  of  West  Pass,  and  cross-sections  of  the  excavated  basin  ob- 
tained every  100  feet,  giving  the  slopes  the  sides  had  assumed.  Posts  were  planted  at 
the  end  of  each  section  in  the  inner  harbor  for  future  use.  The  soundings  were  made  in 
every  instance  as  nearly  as  possible  on  sections  used  in  previous  years,  in  order  to  better 
compare  results.  The  levels  and  soundings  are  referred  to  the  zero  of  the  gauge  at 
Kleinston,  no  deduction  being  made  in  the  case  of  soundings  in  the  main  river  for  slope, 
but  simply  referring  them  to  the  datum  by  subtracting  the  reading  of  the  gauge  at  the 
time  of  sounding  from  the  depth  obtained. 

RESULTS. 

The  results  of  this  survey,  and  those  made  in  the  past,  I  have  collected  and  amused 
in  the  form  of  tables,  which  will  explain  themselves,  leaving  but  little  to  be  added.  The 
data  from  which  the  changes  during  1877, 1878,  1879,  and  1880  were  obtained  were  very 
meager,  and  in  most  instances  but  approximate;  but  will  serve  to  show  the  general  con- 
diitions  which  existed  during  those  years,  and  the  change  which  has  taken  place  in  the 
inner  harbor  since  the  time  of  the  cutrofiT  in  1876;  a  gradual  filling  has  taken  place 
which  will  continue  until  the  lake  is  free  from  all  access  to  the  muddy  water  of  the  riveir, 
unless  some  means  are  adopted  to  cut  ofif  the  current  that  flows  around  De  Soto  Island 
during  high  water.  This  current  has  existed  since  1877  to  a  greater  or  less  extent, 
having  a  velocity  in  that  year  of  nearly  one-fourth  mile  per  hour.  In  1882  it  was  hardly 
perceptible,  float  observations  made  in  July  of  that  year  showing  practically  no  velocity; 
but  during  the  last  high  water  it  traveled  from  Ryan's  mill  to  the  compress  at  the  rate 
of  one-half  mile  per  hour,  gradually  becoming  slower  as  it  reached  the  northern  end  of 
the  island.  This  has  caus^  a  more  rapid  filling  of  the  area  than  has  taken  place  for 
years. 

Glass  Bayou,  which  enters  the  lake  at  the  northern  boundary  of  the  city,  has  also  been 
the  cause  of  considerable  filling,  bringing  during  every  heavy  rain  a  great  quantity  of 
mud  from  the  adjacent  hills.  The  changes  that  have  taken  place  in  the  main 
river  during  the  last  high  water,  as  shown  on  the  accompanying  map,  are  to  a 
great  extent  a  repetition  of  what  occurred  the  year  before.  The  bar  above  Delta 
has  moved  down  stream  600  feet:  some  caving  has  taken  place  at  King's  Point. 
The  King's  Point  Bar  has  been  split,  the  sand  takea  from  its  former  crest  being  de- 
posited in  the  form  of  a  middle  ground,  outside  of  its  old  position  and  extei^ing 
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farther  down  the  river,  closinfi^  moqp  etfctnally  the  upper  entrance  to  the  lake,  and 
threatening  the  penuaneucy  ot  the  ^leinuton  landing.  'Vhe  bank  has  caved  to  some 
extent  at  Kleinston,  and  at  present  there  is  a  strong  eddy  current  there,  the  water 
running  rapidly  up-stream,  along  the  Kleiuston  front.  The  bar  below  the  revetted 
portion  of  Delta  Point,  has  moved  ont  at  its  upper  end  100  feet,  and  1,000  feet  below, 
2^  feet.  I  made  a  personal  examination  of  the  revetment  at  Delta  Point  and  found 
the  following  changes :  The  spur  dike,  built  in  1879,  has  been  swept  away,  carrying 
with  it  260  linear  feet  of  revetment;  also  at  a  point  (marked  on  drawing  of  Delta 
Point  "  Ifiid  flat^)  where  no  revetment  was  placed,  there  has  been  some  caving.  To 
protect  the  bank  at  and  below  the  old  dike,  and  at  this  mud  flat,  to  insure  the  perma- 
nency of  the  work  already  done,  it  will  be  necessary  to  put  down  500  linear  feet  of 
mattress  The  changes  in  the  inner  harbor  are  shown  on  the  piofiles,  and  in  tables 
Appended. 

ESTIMATES  FOR  DREDGING. 

First  estimate,  July,  1878 |8U,000  00 

Second  estimate,  July,  1880,  to  15  foot  plane,  canal,  '^50  by  4,800;  basin, 

600' by  1,800=2,235,555  cubic  yards,  at  15  cents 335,333  25 

Third  estimate,  1882,  slopes  1^  t4>  1,  canal  and  basin  same  as  in  second 

estimate=2,315,195  cubic  yards,  at  15  cent« 347, 279  25 

Fourth  eAimate,  May,  1883,  canal  and  basin,  us  in  map,  iucJuding  tempo- 
rary canal  to  — 8  foot  plane,  slopes  5  to  1,  adding  40  per  cent,  for  expul- 
sion of  material  measured  in  scows 389, 980  36 

Fifth  estimate,  October,  1883,  slopes  8  to  1  on  one  side  and  natural  slope 
of  old  bank  3  to  1  pn  other;  i>ermaneut  canal,  as  shown  in  map,  exca- 
vated to  — 8  plane=3.789, 632.7  cubic  yards -f  40  per  cent.  =5,305,485.7, 
at  15  cents 795,822  85 

Material  taken  frcnn  the  basin  during  the  year,  244,456  cubic  yards,  at  12iV 
cents 29,579  07 

Total  amount  to  be  spent  in  order  to  finish  permanent  canal  and  basin, 

not  allowing  for  fill  during  the  progress  of  the  work 766, 243  68 

Should  the  fill  in  the  harbor  be  as  great  during  the  next  high  water,  this  estimate 
will  have  to  be  increased  over  $3<X),000,  making  the  total  cost,  approximately, 
$1,000,000.  The  slopes  assumed  by  the  dredged  portiou  of  the  lake  are  shown  on  the 
profiles. 

Table  No.,1. 


Date. 


I!  I  !! 

Gange.  |      Date.       Gkbuge.  i      Date. 


2 
3 

4 
6 
6 
7 
8 
9 


1882. 
Deo.   1 . 
Dec 
Dec. 
Dfc. 
Dec 
Dec 
Dec 
D«3C 
Dec 
Dec  10 . 
Deo.  11 . 
Dec  12.. 
Dec  18. 
Dec  14. 
Dec  15. 
Dec  16 
Dec  17. 
Dec  18 . 
Dec  19 . . 
Deo.  20.. 
Dec  21   . 
Dec.  22 . . 
Dec  23.. 
Deo.  24 . . 
Dec  25.. 
Dec.  29   . 
Di'C  27 . . 
Dec  28.. 
Dec  29 . . 
Dec  30.. 
Dec.  31.. 


13.70 

13.50 

13.30 

13.00 

12.80 

12.00 

12.30 

12.00 

11.75 

11.65 

11.00 

11.55 

1L60 

11.40 

1L20 

10.90 

10.50 

9.90 

9.50 

9.30 

0.1i 

8.80 

&45 

8.00 

7.80 

7.70 

8.00 

8.55 

9.30 

10.00 

10.90 


1883. 
Jan.  1 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan.  10 
Jan.  11 
Jan.  12 
Jan.  IS 
Jan.  14 
Jul  15 
Jan.  10 
Jan.  17 
Jan.  18 
Jan.  19 
Jan.  20 
Jan.  31 
Jan.  22 
Jan.  28 
Jan.  24 
Jan.  25 
Jan.  26 
Jan.  27 
Jan.  28 
Jan.  29 
Jan.  80 
Jan.  31 


11.90 
12.80 
13.75 
14.70 
15.50 
16.40 
17.00 
17.30 
17.30 
17.50 
17.55 
17.40 
17.30 
17.50 
17.20 
16.80 
16.40 
16.10 
16.00 
15.90 
15.90 
15.90 
15.90 
16.00 
16.30 
16.90 
17.50 
1&40 
19.40 
20.70 
22.70 


1883. 


I 
2 
3 
4 
5 
6 
7 
8 
9 


Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb.  10 . 
Fob.  11. 
Feb.  12 . 
Feb.  18 . 
Feb.  14 . 
Feb.  15 
Feb.  16 . 
Feb.  17 
Feb.  18 . 
Feb.  19 . 
Feb.  20 . 
Feb.  21 . 
Feb.  22 . 
Feb.  2:J . 
Feb.  24 . 
Feb.  25 . 
Feb.  26 . 
Feb.  27. 
Fob.  28 
Mar.  1. 
Mar.  2. 
^K.    3. 


24.70 
26.60 
28.30 
29.80 
30.70 
31.40 
31.90 
82.10 
32.40 
32.70 
32.90 
83.45 
84.10 
34.90 
85.80 
36.70 
87.70 
38.40 
38.95 
39.60 
40.35 
40.60 
41.05 
41.55 
41.85 
42.05 
42.20 
42.25 
42.35 
42.55 
42,65 


Date 

1883. 

Mar. 

4  ,. 

Mar. 

5... 

Mar. 

6  .. 

Mar. 

7... 

Mar. 

8  .. 

Mar. 

9...i 

Mar.  10...  1 

Gangc  ii      Date.      iGange. 


il 


Mar.  11. 
Mar.  12. 
Mar.  13. 
Mar.  14. 
Mar.  15. 
Mar.  16. 
Mar.  17. 
Mar.  18. 
Mar.  19. 
Mar.  20. 
Mar.  21. 
Mar.  22 
Mar.  23. 
Mar.  24. 
Mar.  25. 
Mar.  26. 
Mar.  27. 
Mar.  28. 
Mar.  29. 
Biar.30. 
Mar.  31. 
Apr.  1. 
Apr.  2. 
Apr.  3 


42.70 
42.80 
42.90 
43.05 
43.10 
43.10 
43.15 
43.20 
43.20 
43.25 
43.25 
48.80 
43.25 
48.20 
43.20 
43.20 
43.15 
48.05 
48.00 
42.95 
42.80 
42.85 
42.80 
42.70 
42.80 
43.00 
43.80 
48.60 
43.80 
43.90 
48.90 


1883. 
Apr.  4 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr.  10 
Apr.  11 
Apr.  12 
Apr.  18 
Apr.  14 
Apr.  15 
Apr.  16 
Apr.  17 
Apr.  18 
Apr.  19 
Apr.  20 
Apr.  21 
Apr.  22 
Apr.  23 
Apr.  24 
Apr.  25 
Apr.  26 
Apr.  27 
Apr.  28 
Apr.  29 
Apr.  80 
May  1 
May  2 
May  8 
May   4 


48.90 
43.80 
43.70 
43.95 
43.86 
43.80 
43.75 
43.70 
48.00 
43.60 
43.60 
48.55 
48.56 
48.80 
43.80 
48.20 
48.10 
48.00 
48.00 
42.11 
42.10 
42.90 
42.80 
42.70 
42.60 
42.50 
42.40 
42.30 
42.20 
42.10 
42.00 
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Table  No.  1 — CoqtiDue<l. 


Date.     { Oauge. 


1888. 
May    5. 
May    6  , 
May    7. 
May    8. 
May    9. 
May  10 
May  11. 
May  12. 
May  13. 
May  14. 
May  15. 
May  16 
May  17. 
May  18. 
May  19 
May  20. 
May  21. 
May  22. 
May  23. 
May  24. 
May  25. 
May  20. 
May  27. 
May  28. 
May  29. 
May  30 
May  81 
June   1 
June   2 
June  3 
Jnne  4 
June  5 


41.11 
41.11 
41.10 
41.90 
41.80 
41.90 
41.80 
41.80 
41.70 
41.60 
41.50 
41.30 
41.10 
40.10 
40.60 
40.10 
39.70 
89.00 
38.50 
37.11 
87.70 
37.70 
37.80 
37.11 
3a  00 
3a  20 
38.40 

saoo 

88.60 
38.70 
38.70 
8a  80 


Date. 


1883. 
Jane  6 
Jane  7 
Jane  8 
Jnne  9 
June  10 
Jane  11 
June  12 
June  13 
June  14 
Jnne 15 
Jane  16 
June  17 
Jnne  18 
Jane  19 
Jnne  20 
Jnne  21 
Jane  22 
Jane  23 
June  24 
Jane  25 
June  26 
June  27 
Jane  28 
Jane  29 
June  30 
July  1 
July 
July 
July 
July 
July 
July 


2 
3 

4 
5 
6 
7 


Gauge. 


38.80 
38.10 
39.90 
39.00 
39.10 
39.10 
39.10 
39.10 
39.10 
89.00 
39.00 
39.10 
39.10 
39.20 
39.40 
39.50 
30.50 
39.60 
39.60 
39.90 
39.80 
89.80 
39.70 
39.70 
39.70 
39.00 
89.60 
39.60 
39.60 
39.60 
39.70 
39.70 


Date,      i  Gauge. 


Date. 


1883. 
July  8 
Jaly  9 
July  10 
July  II 
July  12 
July  13 
Jaly  14 
July  15 
July  16 
July  17 
July  18 
July  19 
July  20 
July  21 
July  22 
July  23 
July  24 
July  26 
July  26 
July  27 
July  28 
July  29 
July  SO 
July  31 
Aug.  I. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 


Gauge. 


39.70 
39.70 
39.70 
39.70 
30.70 
39.60 
39.40 
39.20 
3a  10 
8a02 
37.10 
37.10 
36.40 

35.' 70' 

34.10 

34.40 

34.20 

34.10 

34.00 

33.11 

.33.60 

33.00 

31.50 

30.30 

29.00 

27.00 

26.90 

25.60 

24.60 

23.70 

28.00 


1883. 
Aug.  9. 
Aug.  10 
Aug.  11 
Aug.  12. 
Aug.  13. 
Aug.  14. 
Aug.  15. 
Aug.  16. 
Aug.  17. 
Aug.  18 
Aug.  19. 
Aug.  20. 
Aug.  21 
Aug.  22. 
Aug.  23 
Aug.  24. 
Aug.  25. 
Aug.  26. 
Aug.  27. 
Aug.  28. 
Aug.  29. 
Aug.  30. 
Aug.  81 . 


Sept. 
Sept 
Sept. 
Sept. 
Sept. 
Sept. 
Sept 
Sept 
Sept 


1. 

2 

3. 

4. 

5. 

6. 

7. 

8. 

0. 


22.10 
2.100 
23.10 
23.30 
23.10 
23.00 
22.10 
22.10 
22.40 
21. 11 
21.40 
20.10 
20.20 
19.40 
19.20 

laoo 
laoo 

17.40 
16.10 
16.00 
10.50 
14.90 
14.20 
13.80 
13.20 
12.10 
12.40 
11.11 


Date.      { Gauge. 


10.20 
9.70 


1683. 
Sepr.lO. 
Sept  II. 
Sept  12. 
Sept  13. 
Sept  14. 
Sept  15 
Sept  16. 
Sept  17. 
Sept  18. 
Sept  19. 
Sept  20. 
Sept  21. 
Sept  22 
Sept  23. 
Sept  24. 
Sept  25. 
Sept  26. 
Sept  27. 
Sept  28. 
Sept  29 
Sept  30 
Oct  1. 
Oct  2. 
Oot  3 
Oct  4. 
Oot  5. 
Oct  6. 
Oct  7. 
Oct  8. 
Oot  9. 
Oot  10 


..I 


9.20 

a90 

a4o 

aoo 

7.80 
7.40 
7.20 

aiu 

6u60 
6.20 
5.10 
5.60 
5.20 
4.10 
4.60 
4.40 
4.00 
3.10 
3.80 
3.70 
3.50 
3.40 

a2u 
a  10 

3.00 
2.11 
2.11 

an 
a2o 

3.20 

aso 


Table  No.  2. — Showing  fill  every  100  feet  on  King's  Bar  (or  section  1  oontintted)  from 

18^2  to  1883. 


Distance. 

Fill. 

Distance. 

Fill. 

1 
Distance 

Fill. 

Fe^ 

Feet, 

Feet. 

Feet. 

FeeL 

FeeL 

100 

lao 

1.000 

9.4 

1,900 

ia5 

200 

lao    ; 

1,100 

a4 

2,000 

14.0 

300 

♦14. 0      1 

1,200 

a  5 

2,100 

12.6 

400 

17.0      1 

1,300 

a  2 

2.200 

12.8 

500 

las    1 

1,400 

9.1 

2,300 

9.6 

600 

lao    ' 

1,500 

9.5 

2,400 

t9.2 

700 

16  6 

1,600 

n.6 

2,500 

a4 

800 

14.0 

1,700 

14.2 

1      2,600 

a4 

900 

lao 

1 

1,800 

17.6 

2,700 

a4 

♦Middle  of  canal. 


t  Middle  of  west  pass. 


Table  No.  3. — The  maximum  fill,  in  iwiwr  h arbor jtHthin  the  limits  of  canalffrom  1877  to 
1883,  omitting  sections  sounded  in  1880,  which  are  not  accurate  enough  for  comparison. 


Sections. 

FUl,  in  feet. 

1877  to  187a 

1878  to  1879. 

1879  to  1881. 

1881  to  1882. 

1882  to  1883. 

iro.4 

No.  12 

Nal4 

No.  15 

No.  16 

No.  17 

No.  24 

20 
13 
17 
13 
16 
6 

22 

12 

12 

7 

10 

6 

5 

13 

12 
Apprpx.  0 
Appsox.  0 
AppYpx.  0 
Approx.  0 
Approx.  0 
1879  to  1883. 

16 

6 

4 

I 

Approx.  1 
Approx.  1 

Approx.  0 

6 
8 
9 
10 
10 
9 

Approx.  5 
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Tablb  No.  4. — Fill  in  inner  harbor  within  the  limits  of  the  slopes  of  eaual  and  basin  from 
1881  to  1882  (see  profiles).  In  tiie  fractions^  the  numerator  denotea  the  distance  measured 
from  the  share  edge  of  the  slope,  the  denominator,  the  fill  at  that  distance. 


Seotiona. 


Nal 

No.  2....... 

No.  3 ...... . 

No.4 

No.6 

No.6 , 

No.  7  ...».• . 

Na8 

Na9 

No.  10 , 

No.  11  ..... 

N0bl2 

No.  13...... 

No.  14 

No.  15 , 


Fill  in  feet. 


•••••••«4« 


0 

e 

0 
0 

0 
02 

0^ 
0 

0 
0 

0 

d 


45 

70 

5.3 

&6 

50 

100 

0.8 

2.4 

25. 

75 

L4 

2.6 

10 

60 

1.2 

3.5 

20 

50 

2.4 

L4 

50 

100 

0.8 

1.0 

15 

30 

V.8 

2.0 

8 

30 

2.8 

2.4 

10 

30 

4.8 

3.2 

10 

60 

1.6 

1.0 

10 

60 

1.0 

8.2 

10 

60 

0.8 

0.6 

15 

65 

3:2 

5.0 

10 

50 

3.6 

2.0 

50 

100 

0.4 

0.8 

93 


9.  7  ill. 0 

150  j  200 
5.0  10.0 


100 !  145  !  175   19r>  I  245  j  295   300 

3.  8    06  I  b.  U 


i 


125 
4.5 

110 
3.4 

60 
1.1 

150 
1.1 

80 
1.2 

50 

lo 

80 


8.6 

110 
1.0 

110 
2.0 

110 
0.8 

85 
6.0 

75 


1.6 

150 
0.4 


175 
5.9 

100 
5.2 

100 
3.8 

200 
1.8 

130 
0.4 

80 
2.4 

j30 
4.2 

160 
1.0 

160 
4.6 

160 
1.2 

115 
3.4 

100 
l6 

200 
0.0 


10.  6  10. 4 

8.2 

1 

250  300,350 

5.  tf  '  2. 0  ;  5.  2 

225 '275  325 

6.8 

&  6 1  0. 1 

210 

260  310 

6.0 

6.0'  P.  2 

1 

150 

200 

300 

6.4 

5.0 

4.0 

250 

300 

350 

2.0 

2.6 

2.8 

1.80 

2.30 

280 

1.6 

• 

1.4 

2.0 

95 

130 

180 

2.6 

2.4 

1.8 

180 
4.0 

230 
4.0 

280 
4.0 

IWi 

210 

266 

0.8 

1.8 

3.4 

210 

260 

310 

3.2 

2.6 

2.0 

210 

260 

310 

2.8 

4.0 

3.4 

165 

215 

265 

3.0 

3.2 

8.8 

150 

200 

250 

1.6 

1.4 

0.8 

250 
0.1 

800 
0.6 

350 
0.1 

.'170 


400  I  410 


7.2  10.4  11.0 


375  I  425  i4. 75 
10. 0  7.0  I  5.0 

360(410   400 
5. 6  I  5. 2  .  6.  0 

I  I 

350  !  400 1  450 


5.6 

400 
2.8 

830 
24 

230 
2.8 

330 
"4.2 

310 
4.0 

860 
2.4 

360 
3.4 

315 
2.8 

300 
0.2' 

400 
0.4 


4.4 

450 


5.2 


500 
3.8   3.8 


380 
2.4 


430 
2.4 


280  I  300 

2. 8 ! '2".  8 


380  I  480 
"4. 4;  3.6 


360 


4.1   4.4 


410 


410 
3.0 

410 
3.6 

865 
2.6 

350 
0.8 

460     _ 

0. 6'1 1. 0 


450 
3.2 

445 

0 

415 
2.8 

400 
0.9 

475 


450 

460 

500 

550 

580 

11.2 

11.8 

7.9 

3.0 

0.0 

525 

0 

510 

530 

560 

587 

5.8 

6.0 

3.0 

0 

500 

550 

590 

6.8 

5.0 

0 

550 

570 

600 

605 

• 

3.8 

3.8 

0.4 

0 

480 

530 

550 

565 

2.6 

2.2 

2.0 

0 

330 

380 

480 

455 

475 

2.2 

2.6 

2.4 

2.6 

0 

480 

495 

530 

3.8 

4.0 

0 

460 

510 

5.0 

0 

460 

475 

1.6 

0 

443 

465 

2.8 

0 

450 

500 

650 

600 

650 

700 

1.0 

0.8 

1.4 

1.2 

L2 

0.8 

480 

0 

710 
0 


See  Table  Na  5  ahowias  mean  flU  and  areas,  oaloolated  from  above  oo^rdinates. 

Table  No.  S.— Mean  fill  and  areas  of  fill  in  inner  harbor  within  the  limits  of  the  slopes  of 

the  canal  and  basin  from  1881  to  1832. 


Section. 


No. 

1 

No. 

2 

No. 

3 

No. 

4 

No. 

6 

No. 

6 

No. 

7 

No. 
No. 
No. 

8 

9 

10 

No. 

11 

No. 

12 

No. 

13 

No. 
No. 

14 

15 

Mean  flU. 

Feet. 

6.2 

6.0 

6.6 

4.0 

8.8 

2.0 

1.8 

2.1 

3.4 

2.1 

2.2 

1.8 

2.9 

1.2 

0.8 

Sq.feet 
1967.5 
8195.6 
8062.6 
2749. 6 
2.^81. 5 
1360.0 
1008.5 
1127.9 
2007.5 
1318.0 
J265.0 
987.0 
1484. 2 
881.6 
177.6 


See  Table  No.  4  for  co-ordinates. 
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Table  No.  6. — OrdiiMtes  and  dUtaneet  within  (he  limiUi  of  the  sUpeg  of  oattoimid 
and  the  lines  of  bottoms  of  oanal  and  lake  in  1883,  including  dredged  vohimes.    In  ik& 
fractions^  the  nnmeraior^  denotes  the  distanoes  measured  from  the  shore  edgtt  of  the  slope 
the  denominator^  the  ordinates  at  that  distance,  ^ 


Seotioii. 


Ordinfttes  and  dintuioeB. 


X40«  1... ....••>< 

Naa 

No.4 

iro.6 

No.  8 

^1  Os    V»«V«    •*••••! 


0     10 


50 


0   5. 2  I  5. 4 


0,  60 
0  12. 4 

lo'l5 


_      _   ^ 

!0   2.4|8.8 
I 

80^ 

12.2 
100 


0  30 

6,4r« 

O^i  60 

0  as 

01  60 
0  tf.8 

!^'  80 
0   fl.  6 


100 

18. 2i23.  U 


115 
21.4 

100 

ie.2 

160 


• 


Ko.  11 -. 

JN  0. 1* ...•••-••• 

No.  18 

TS(o,li 

N^  lo.  ......... 

No.16 

No.  17 

No.  18 

No*  10. ......... 

No.  31  .•..•...•• 
^  O.  29 •..•••...' 


0 

10 

0 
0 

0 
0 

0 

o' 
1 

0 

0 
0 

0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 


10 
1.6 

50 
11.2 

50 
8.0 

50^ 
9.4 

30^ 
8.8 

50 
0.6 

26 


23.0 

100 
20.8 

80^ 
lb.  8 

30 
4.4 

100 
19: 2 

100 
16.3 

100 
21.2 

80^ 
25.6 

100 
21.2 

75 


28.6  30.630.4 


120 !  130      _ 
27.4I27.88O.8 


150 
83.4 


7.4  2Le 


45 
'5:6 

60 
7.2 

50 


95^ 
14.0 

100 
14.4 

100 


a  2  21.0 


10 
1.2 


0.6 

28 

3.8 

20 
2.4 


00 


55 


78 
9.0 

70 


100 
7.0 

l.'W 


150  I  200 


12.5 

200 
27.6 

12.> 
26. 4 

130 


17.8 


260 ,  262   300 


350 


24. 4j26. 2126. 6  26.  7 


387   400 
26.«'-23.2 


232   250  {300;  350   ;*;>7  ,  40U  j  450 
3i.  i  30. 630.  Jiao.  5 30.  6127.  2:22.  2 


160 


16r>    215 


29.  b  29.  729.  8 


18. 6  22.  2 


165 


150 
25.2 


195 
30.'^ 


200 

3U.2 

100 


60  '105 
12.4  32.1: 


200 
30.2 


150 ;  165 
27.2  30.2 

150  {200 
30.0  29.*^ 


90  1 180 
80:229:4 

130 1 150 
30:429.4 

110 '  126 
82.2  31.0 

1451 160 
25. 2  29. 4 

150   160 
26.8  28.8 

115^  150 
28.0  25.5 

110 '  160 


7. 2  la  2 19. 4 


105   155 


6.5  13.520.l2i.U 


128  163 
14. 8 18.  U 

120   160 


7.8  13.7ia4ia3 


180 


265i286 

29. 9  30.  2 


230 
27:8 


255 
30.8 


27.622.7 


200 


110 
32.0 

250 
29.0 

200 
28.9 

260 
28.4 

180 
28.3 

200 
2a9 

175 
2a -I 

195 
27.4 

200 
26.4 

200 
24.1 

190 
22.2 

165 


30.1 

260 
30.1 

180 
30.  U 

160 


178 

lao 

170 


2501800 


30.2 

300 
30.3 


280!a30 
30. 6  36: 5 

850  I  365 
30^  5  30.  6 


316 


880 


30^4  24.4 


400 
25.4 


330 1  305  i  400 


30.5  31.031.0 


230 1 280   330  1 860 


29.8 


210 


29.7  30.0'80.4 


29. 1 29:  ^ 


300 
29.  L' 

250 
28:? 

300 
2a  i 

230 


360 
29.4 

800 
28.6 

860 


400 
27. 8|21. 2 


28.0 
250 

2a3 

225 
27.6 

245 
20.6 

250 
25.8 

250 

24.  5 

210 
22.2 

205 


260 ;  305 


310 


280 
27.7 

800 
28.1 

275 
27.4 

29.1 
26.4 

300 
23l4 

24.5 

260 
22.2 

255 
21.i2i:i! 


27.2.27.0  27.0 


228 


278 


la  oiia'  0 

220 1270 
17. 7;  17.  5 


29. 129.629.7 


450 1  600 


400  

23.6|ia2i2.8 


8601366 


2a6'2a624:4 


4501500 
15. 0  a  8 

380 


200  830 

27. 7  28. 0 17. 0 

1»0  850 '400 

^i'2a6i9:4 


825 


875  425 


346 

26.2 


895  445 

26.026.0 


8601400  460 
26.~:^|25.0  2J.U 

850 1  400  450 
24. 0  24.  d  24.  6 


310 


340   360 


22. 2:22. 1  20. 8 


805 
21: 2 


315   355 
21. 2 16.  5 


813  328  378 


lai 


16.  5  a  5 


310  I  320  I  370 
17: 5 16. 6  10. 0 


365 


430 


4601500 
20. 0115. 8 


600 


630 


17.4  12.3 

i  ■ 

415 ,  466 


la  2 14. 0 

48o{^ 
18.414.4 


600 


660 


1&811.: 
5oo!55a 

19.  8 14. 6 

I 

430  I  4^ 
22. 8 17.  5 

410 1  460 
ia6l3.0 


000 
1.0 


610 
0 


5001660 
i2.'4ia6 

670  i 
0" 

480 1  626 

5. a'   0 

660 


650 


6001660 


ii.0i6.6l    0 


600;  660 
"7, 0  !  1. 8 


515 
9.2 

580 
9.4 

600 
5.U 


450 
22.2 

460 
24.8 

380 
2a3 

360 
23.8 

660 

7.0 

460 

la  2 

550 
2.4 

430 
11.2 

450 
12.8 

475 

27.0 

495 

26.0 

600  _ 

25.0  25.0  26.62570 

I 
550  665   600 


565 
4:2 

630 
4.0 

640 
0 


662 
0 

605 
6 

660 
0 


600 

651 

ao  1.6 

530  580 

ll.2|5.2 

510 

660 

Y.8 

1.6 

600 

605 

0.6 

0 

600 
0 

620 

670 
0 


600 

a4 

825!  560  675 

27.027.0,26.4 

646  605 '  610 
2a  6  20. 0  26.0 

650 !  000  1 610 


600 
24:0 


625 

19.6 

645 
21.4 

650 
19:4 

660 


24. 0  24. 0  20. 0 


410^1 460 1  510 1  520 
14.2  8.2'  1.6  10 


405 


456  476 


10.0  3.2 


428 


448 


2.0,    0 

420 1 460 
3.6W 


675 


14.0 


lao 

605 
15.2 

700 

iai2 

700 
8.0 


725 

ao 

745 
9.0 

750 
"7.2 

760 


LO 


775 
6 

m 

2.4 
800 


LO 
705 


81S 
0 

810 


Sm  Table  Na  7  for  mean  ordinatM,  areas,  diatanoe  between  Bections  and  volumes. 
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Tablk  No.  7. — E$timate8  of  danal  and  htisiny  1883;  table  ehawing  mean  ordinateSf  areaa^ 
and  volumes  within  the  limite  of  the  slopes  of  canal  and  basin f  and  the  lines  of  bottoms  of 
canal. and  lake  in  1883,  including  dredged  volume. 


Sections. 


1. 
2. 
8. 
4. 

5. 
6. 
7. 
8. 
0. 


No. 
No. 
Ko. 
No. 
No. 
No. 
No. 
No. 
No. 
NalO. 
No.  11. 
No.  12. 
No.  18. 
No.  14. 
Nal5. 
No.  16. 
No.  17. 
No.  18. 
No.  19. 
No.  21. 
No.  28. 


TotaJ 


Mean  ordi- 
nate. 


15.1 
10.0 
l&l 
17.3 
20.2 
19.7 
20.4 
17.1 
17.6 
l&O 
17.0 
18.7 
19.0 
21.2 
19.2 
1&6 
l&l 
13.1 
12.6 
11.1 
11.0 


Area. 


10, 082. 0 

18, 058. 3 

11, 046. 2 

12,365.0 

12,968.2 

18,466.7 

12, 905. 5 

11.858.0 

12, 220. 0 

11,505.2 

11, 089. 0 

10, 288. 0 

10,493.5 

17, 166. 0 

16,854.6 

15, 910. 0 

14, 733. 2 

7,610.5 

6,676.0 

5,855.4 

5,888.5 

0 


Diiilanoe 
between 
sections. 


520 
881 
492 
475 
265 
872 
422 
880 
232 
540 
800 
804 
405 
480 
430 
488 
840 
658 
418 
674 
766 
1,815 


Quantities. 


Oubie  yards. 

74, 907. 6 

162, 815. 4 

219, 863. 0 

205,822.8 

137. 056. 0 

182. 096. 7 
206, 078. 2 
148, 145. 6 

101. 225. 8 

287. 152. 1 
125, 286. 6 
119, 753. 6 
155, 482. 6 
166, 357. 6 
276.571.6 
262,686  8 
102.800.8 

818. 294. 2 
110, 509. 2 
127,566.2 
151,622.6 

107. 907. 9 


8,789.682.7 


See  Table  No.  6  for  oo-oidinatea. 
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Tablk  No.  8. — Skowiiig  fill  in  innei'  harbor  mithin  Ihe  limUa  of  the  ttopti  0/  canal  and 
bavin  /roiH  I8tl2  10  18UU  (nre  profilei).  In  Ihe  fraelioNa,  the  numerator,  dniolr*  the  du- 
tanre  meatured  from  Ihe  there  edge  of  Ihe  tlope,  the  denominator,  the  fill  at  that  ditl«Koe 
within  limit*  o/propoted  ei 


s~"™- 

N0.1 '^ 

»„. s 

""•• s 

s 

Nu.7 \'l 

i', 

No.» j*^ 

so-io ?:^ 

«'^" 7.B 

Ho.ia ^™ 

NO.U ^^ 

1^    ,.                                             '" 

ins 

MO 

t.l 

3lB 

2S0 

130 
1» 

MO 

7.8 

MS 
8.0 

Xs 

MO 
7.7 

rra 

"S.0 
280 

r* 

joo 
5.0 

6."0 
J80 

s,6 

801 
"B,"2 
2S0 

mo 
tTb" 

2S0 
27S 

ftj 

350 
400 

s 

1" 

7.2 
SM 

7."B 
MO 

32S 
0.5 

¥.8 

inn 

2W 

IS.  2 

» 

5:4 
Co 

290 
S.0 

too 
7.6 

37S 

970" 
325 
8.5 

aw 
sTo 

410 

1:4 

f,:v 

480 

sn 

430 

"870 
450 
7:2 
400 

430 

4«0 
7.T 

3.4 
42S 

bTo 
IT 

380 

JTIT 
405 

408 

4-.1 

«0 
0.4 

SOO 

8.2 

7.0 
315 
7.2 

m 

7.0 

500 

7.0 

430 
5.4 

8."2 

395 
9.1 
400 

475 
(0.! 

*7i 
550 

ra" 
530 

360 
515 

a:? 

B2_S 

iO 

SOO 

-9:2 

4.T 

585 
0.8 

s 

410 
7.2 

000 

i.0 

a.'8- 

550 

495 

10.4 

874 

7.-4- 
478 
0.2 

450 
20.0 
550 

s:^ 

005 
6" 

808 
5.0 

7:a 

MO 

480 

7:1 

-fl- 
800 
0.8 

— 
025 

^0 

585 
3.8 

MO 

Vi 

«o 

sie 

800 
878 

"0" 

m 

850 
1.0 

S70 

5.i- 

805 

n 

ST 

718 
4T 

582 
775 

b7 

5.1 
750 

L8 

850 
4.1 

no 

LO 

Ko-" ^ 

9.2 

800 
8.3 

tT 

800 
7.4 
■50 

M5 

7.2 

81S 

T 

810 

«-"■ 1" 

2» 
200 

800 

7.-0 

9.4 
450 

8.0 

500 

4S0 
8.2" 

12 

450 
0" 

No.19 ^~ 

""■" 5-2 

«"■» "§ 

27S 
5. -J 

m 

828 

3m  Tkblo  Ho.  9  for  msui  ordliuitM. 


orillDaM*.  BreM,  dbUiuiM  betmien  ivcthHU,  iDlamM. 
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Tablk  No.  9.  -  Showing  fill  in  inner  harbor  from  1882  to  1883,  within,  the  limits  of  the  slopu 
of  oanal  and  haain,  mean  ordinateaj  maximum  ordinate^,  areas ,  distance  between  sections, 
volumes. 


SeoiioDB. 


No. 
No. 
Na 
No. 
No. 
So. 
No. 
Na 
No. 
No.  10 
No.  11 
No.  12 
Nal3 
No.U 
No.  15 
No.  16 
No.  17 
No.  18 
No.  19 
No.  21 
No.  28 


Totol 


Maxim  am 
ordinates. 

Mean 
ordinatea. 

Areas. 

DiHtaooe 
between 
seetiona. 

Qnantitiea. 

1 

Oubie  yards. 

17.2 

11.6 

7, 683. 2 

520 

53, 916. 3 

10.2 

6.0 

3.020.0 

881 

80.464.8 

5.4 

3.4 

2, 302. 0 

492 

56. 716. 7 

«.6 

4.2 

3,038.0 

475 

47, 375. 7 

6.8 

4.3 

2,891.0 

265 

31.  870. 1 

7.6 

4.9 

3.48U.5 

372 

43,829.9 

7.6 

5.0 

3,302.0 

422 

52, 996. 9 

7.8 

4.0 

3,334.0 

330 

40  558. 3 

7.2 

4.3 

3, 084. 0 

232 

27, 566. 7 

8.2 

5.6 

3.796.0 

540 

68, 678. 0 

8.0 

5  8 

3, 741.  5 

300 

41,  874. 4 

8.4 

6.3 

3. 604.  5 

304 

41, 861. 9 

8.4 

5.3 

3,338.0 

405 

52. 722.  0 

0.5 

6.4 

5,443.5 

430 

56,890.6 

10.4 

5.9 

5, 454. 1 

430        , 

88,593.4 

10.2 

5.4 

4,  866.  4 

433 

82, 711.  0 

0  3 

5.1 

4.563.0 

340        , 

59. 460. 2 

7.6 

5.1 

3, 055. 4 

658        ' 

98, 369.  2 

6.4 

4w5 

2,593.5 

418 

43, 677;  9 

5.4 

4.0 

2,006.2 

574        1 

49, 425. 6 

5.2 

3.8        , 

2,064.0 

766        ' 

58,587.7 

0 

1, 315        1 

1 

39. 659. 5 

1.255,486.4 

1 

1 

See  Table  No.  8  for  co-ordinatea. 


Table  No.  10. — The  amount  of  material  excavated  each  month  by  the  dredge,  the  amount 
taken  from  the  basin,  temporary  canal,  and  West  Paes,  and  totals. 


Bredfrlng. 


Cnbic 
yarde. 


Material  dredged  daring  April 52, 716 

Material  dredged  during  May 83, 6.35 

Material  dredged  daring  June {  60, 589 

Material  dredged  during  July 83,354 

Material  dredged  during  August i  35, 590 

Material  dredged  daring  September 34, 152 

Total 350,085 

Material  taken  from  basin    ;  244.456 

From  canal  to  deep  water  in  lake j  90, 662 

Taken  from  West  Pass 14,917 

Total ;  350,035 
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L  4. 

KRPOUT  OF  H.    D.  6ARDBX,  ASSISTANT  KN'GINKKR,  I'PON  LKVEE  WOKK  OX  THK  TKNSA8 

FRONT,   THIRD   DISTRICT. 

UnITKD   STATKS   EnGINEKK    OFKIC^^ 

liHtthurff.  J/iw.,  Ovtobtr  ^,  1883. 

Sir:  In  compliance  with  yonr  inHtruetlons  of  tlie  .'M  inHtant,  to  "prepare  a  conri.Me 
Te port  of  levee  work  on  rlie  TeimaH  Front,  for  enil»oilinieiit  in  tl»e  annual  report  «»f 
the  Coinuiission/'  I  have  the  lionor  to  Nnhniit  the  foUowing  tabulated  Htatement  auU 
remarktt  ou  the  levees  under  my  direction  iu  Louiisiana: 

TABULATED  STATEMENT. 

Levees  J  Tensas  fronts  in  Louinianaj  Third  Dititrict. 


Kametf  of  leveea. 


Average 
height. 


ITpp»*r  Pnividence '  6 

Hacaman  Point 7 

Wilton  t.»  Riileiffh 12.6 

KaWi.h  to  Willow  Point 

OnuM/ft 9 

Cabin  Teele 0.5 

Bpnit*      8 

DeltM  ta  Bedford 9 

PaiithtT  Foif  at  ' 

Duffin  Break      •  6.7 


Names  of  leveea. 


Width  of 
Clown. 


Front  slopes. 


Upper  Proviilence 

Bavaruan  Point    

Wilton  Ui  Rtiliigh  . . 
IUI«i»£htoWiIIow  Point 

Onu'gH  

Cahin  Teele 

8p>irta  

DeltH  to  Bedfird 

Pjtn  I  her  Fort'St 

Duffin  Break 


8 

8 
8  and  6 

8 
8  and  7 
8NU<i  0 
8  and  7 

6 


3t4>l 

atol 

3, 4,  and  5  to  I 

3  to  1 

3  to  1 

3  t<»  1 

3  to  I 

3  to  1 

8, 6,  and  3  '  3, 3},  and  2  to  1 

8  ,  3i  to  1 


Lc^U{!th  of 
levee. 


Feet. 

7.  -JH? 

l.U<3 
23.  :>H 

9.  r4« 
10.  .no 
i:i.  an 

0.771 
2H.  JHT 
V 0.3-0 
1(1, 900 


-  I 


CnnN-nts 
(coujplited). 


Cubic  yardM. 

46.  n57.  7 

14.  3or>.  2 

34:*,  ()M7.  7 

41.2K7.  7 

199.  org.  7 

90.  iK)*J.  2 

:v.»,  Ufi.  9 

24:i.  W03.  3 

163,182.0 

80,  24G.  0 


Amount,  Nor- 
eiiibir  1,1883, 
yet  nwejw.iry 
to  complete. 


Cubic  yard*. 
99.38i.'6' 


Back  slftpea. 


3  toi 

3  to  1 

3  to  1 

3  and  '.'^  10  1 

3  au'i  2&to  I 

3  and  2$  i»  I 

:«  to  I 

2\  U^  1 

2i.  2and  ijtnl 

•ii  )in<l  2  to  1 


Heijrht  of  net 
'  ;:ia4)(*N  nhovc*. 
biiih-wati-r 
<  nmikot  1^82. 


Feet. 
\.fi 

1.5 
1.5 
0.5 
0.5 
1  1 
0.5 
.53 
.3 


Height  of  inoaa 
or  i>hrinka;re 

gradf  alH>ve  lii^h- 

wiitei  m:irk  uf 

1882. 


Feet. 
2  7 
2.9 
4.0 


2.3 
1.8 
2.3 
2.3 

1.5 


NAME   OF  LEVEES  AND   RK.MARK$. 

Upper  Prondence  levee,  East  Carroll  Parish,  LoniKiatia. — About  3  miles  above  the 
town  of  Providence,     Work  be^nn  Nt»vember,  lf^&2.     Completed  February,  18  3. 

Haijaman  Point  levee»  East  Carroll  Parish,  Louisiana. — About  *^  mile's  below  the 
town  of  Providence.  Work  began  February,  l'-8:^  Coiii])k'ted  March,  1883.  Pe  id- 
inK  tlie  constructicin  of  this  work,  a  temporary  protecticui  levee  was  ordered  here  cou- 
taining  2,0291^  cubic  yarils. 

IVilton  to  Raleigh  levee,  East  Carroll  Parish,  Louisiana. — Work  began  on  this  levee 
in  October,  1882,  and  with  as  large  a  force  as  the  contractors  could  collect,  progressed 
from  each  end  towards  the  center,  nntil  the  suspen.*«ion  on  account  of  the  iiood  ia 
March,  1883,  at  which  time  there  was  a  gap  of  1^  milen  on  wnich  very  little  work  had 
been  done.  The  river  bank  along  this  front  is  very  low,  and  the  water  rising  ranidly 
in  February  it  was  deemed  imposhible  with  the  force  on  band  (between  four  ana  five 
hundred  men)  to  fill  up  the  gap  before  theovfrtiow  ;  protection  levees  were  therefore 
ordereil  to  connect  the  new  w«)rk  with  the  **OId  Frotit  levoe."  The  upper  protection 
anstained  the  pressure  of  the  water  and  saved  all  the  work  above  it,  but  the  lower  one 
anccumbed  to  the  fast  riMiutf  flood,  and  the  strong  current  ruHbiog  rapidly  through  the 
main  line  swept  away  31,ri52  cubic  yards  before  itsdeHtnictive  elfects  could  be  arrested. 
lb  haa  since  been  found  inexpedient,  on  account  of  iusutlicient  funds,  to  continue  the 
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levee  on  the  originally  project^nl  Hue,  and  a,  new  line  ha«  bwn  oclopterl  connecting  the 
iDRin  work  witli  the  Ohl  Fnmt  levee,  which,  on  iuHpection  of  the  bank  in  front  and 
with  the  ne<',eHMary  rn pairs,  is  found  to  be  entirely  safe  and  practi<;ab'e.     Work  was 
resumed  on  this  levee  in  Si^pteinber  wirh  a  const  lerable  forc^  of  tea:nd  and  scrapers, 
and  in  all  proi>ability  it  will  be  cwupleted  by  Deceiub  t  15,  l8S.i. 

lialenjh  to  IViilow  Point  levee,  East  Carroll  Parish,  Louisiana. — Work  here  consiHtB 
in  repairs  of  an  old  levee  and  tilling  up  a  iinnber  of  short  gaps  in  the.saiue.  Began 
November.  lH«5i,  coujph  ted  February,  IS'*^. 

Ofntga  levee,  Ma<lison  Parish,  LoniMana.  — Two  miles  above  Milliken's  Bend.  Work 
coiuuieuced  October,  lr<t*'3.  Suspended  in  March,  Ifebii.  No  damage  done  by  the  flood. 
Contractor  expects  to  rttsuuie  work  at  once,  and  ought  t'O  complete  the  levee  in  a 
month. 

Cabin  Teele  levee,  Madison  Parish,  Louisiana. — One  mile  below  Milliken's  Bund. 
Work  begau  Novemi>er,  ld-'2.     Com  deted  February,  1^W3. 

Sparta  levee,  Madison  Pctrish,  L<misiaua,  near  Duck  port.  — Work  began  in  Novem- 
ber. \.7<^Z,    Completed  February,  lHtt:3. 

Delta  and  Bedford  levee,  Madison  Parish,  Louisiana.  Begins  at  Delta  opposite  Yicks- 
barg.  Miss. 

Work  began  November,  1882.  Suspended  March  24,  1883,  on  account  of  high  water, 
lacking  48,428  cubic  yards  of  completion.  Resumed  in  July  and  completed  in  October, 
1883.  This  work  was  very  far  advanced  when  the  river  began  to  rise  in  February,  but 
a  gap  of  1, 100  feet  still  remained,  on  which  scarcely  any  work  had  been  done,  rendering  the 
entire  condition  of  the  new  levee  (coiuposed  of  a  solt,  sandy  material)  very  precarionA 
should  a  torrent  of  water  succeed  in  rushing  through  the  main  line.  This  made  the  con- 
Btmction  of  a  protection  levee  along  a  portion  of  the  river  bank  in  front  of  the  exposed 
points,  and  connecting  with  the  completed  work,  an  absolute  necessity,  and  by  dili- 
gently watching  and  keeping  up  this  protection  for  a  period  of  nearly  four  months  the 
entire  work  was  finally  saved. 

GENERAL  REMARKS. 

The  construction  of  these  works  has  been  required  to  be  of  the  most  substantial  char- 
acter. After  location  of  the  line,  the  ground  is  thoroughly  cross-sectioned  for  the  pur- 
pose of  slope-staking  and  obtaining  accurate  result^}  in  the  calculation  of  cubic  contents. 
A  muck  ditch  is  cut  near  the  center  line  to  stop  all  leakage  that  might  occur  from  crayfish 
holes  or  vegetable  matter  imbedded  in  the  soil;  an  addition  of  one-fifth  of  the  net  height 
is  put  on  lor  shrinkage  and  the  taces  well  sodded  with  live  Bermuda  grass  belbre  the 
levee  is  accepted. 

On  account  of  the  limited  amount  of  funds  appropriated  for  each  of  the  above  levees 
in  only  one  instance  (that  of  Wilton  and  Kaleigh,  which  is  a  low  and  dangerous  point) 
was  the  net  grade  line  put  above  the  level  of  the  old  levees  adjoining,  nor  do  I  think  it 
would  have  been  atlvisiible  to  raise  them  any  higher  unless  the  entire  length  of  the 
levee  on  the  Louisiana  shore  in  thft  district  could  have  been  raised  and  enlarged  simul- 
taneously. 

It  will  be  seen  from  an  inspection  of  the  table  that  high-water  mark  of  1882  was  very 
near  the  crown  of  the  levee  at  nearly  all  these  points,  and  that,  too,  when  the  flood  line 
must  have  been  very  much  lowered  on  the  river  by  the  discharge  of  an  enormous  volume 
of  water  through  the  Duffin,  Panther  Forest,  Ashton,  Wilton,  and  lialeigh.  Omega,  and 
Delta  breaks,  as  well  as  those  on  the  Yazoo  front.  It  is  more  than  probable  that  in 
the  event  of  a  similar  flood,  the  recent  closing  of  all  these  crevasses  will  raise  the  flood 
line  above  the  top  of  the  Louisiana  levees  as  they  now  stand,  at  nearly  all  point",  and 
cause  a  disastrous  destruction  of  work  already  put  up  at  such  great  expense.  To  render 
it  entirely  safe  against  an  ordinary  overflow,  therefore,  will  require,  in  my  opinion,  an 
additional  average  height  of  3  feet,  with  corresponding  enlargements  all  along  the  entire 
length  of  the  levee.  In  the  absence  of  a  continuous  levee  survey  from  a  point  opposite 
Warren  ton  to  the  Arkansiis  line,  I  can  only  give  an  approximate  estimate  of  the  amount 
of  material  necessary,  and  cost.  Assuming,  which  I  think  is  nearly  correct,  the  average 
dimensions  of  the  levee  to  be  8  feet  high,  7  feet  crown,  and  3  and  2^  to  1  slopes,  to  raise 
the  same  3  feet  with  an  8-foot  crown  and  3  and  3  to  1  slopes  would  take  42,826  cubic 
yards  per  mile,  at  an  average  cost  of  25  cents  per  yard,  $10,706.50.  Cost  for  80  miles, 
which  is  about  the  length  of  the  Louisiana  levees  in  this  district,  $856,520.  Add  20  per 
cent,  for  cost  of  new  levees  that  may  be  necessary,  and  incidental  expenses,  11,027,824. 
Very  respectfully,  your  obedient  servant, 

H.  D.  GARDEN, 
AmvAant  Engineer. 

Qkpt  W.  L.  Marshall, 

Oyrpa  of  Enffineemy  U.  S,  A, 
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BBPOBT   OF   OBOBOB  M.   HBLM,    ASSISTANT    BNQINBEB,    UPON    LBVBE  WOBK  ON  THK 

YAZOO  FBONT,  THIBD  DISTBICT. 

Gbbbnvillb,  Miss.,  November  15,  1883. 

SiB:  In  accordance  with  your  request,  the  following  report  of  operations  under  my 
charge  on  levee  oonatruction  on  the  Yazoo  front,  third  district,  in  connection  with  maps 
and  profiles  of  each  project  of  work  done  by  the  river  commission,  together  with  a  port- 
folio profile  of  survey  of  levees  sent  on  heretofore,  is  respectftilly  submitted. 

This  survey  was  commenced  by  the  ** Mississippi  Levee  Board"  in  Maroh,  1882,  and 
was  under  your  instructions  finished  from  Leota  to  the  Warren  County  line,  December 
25,  1882.  It  covers  the  entire  district  of  the  ^*  Mississippi  Levee  Board ''  from  Totten's 
Ridge,  north  of  Hushpukna,  in  Coahoma  County,  through  Bolivar,  Washington,  and 
Issaquena  Counties,  to  the  Warron  County  line,  a  distance  of  1,056,200  feet,  or  204.04 
miles. 

Levees  were  run  with  reference  to  Memphis  datum  plane,  and  U.  S.  P.  B.  M.,  andtlie 
average  SblW  of  the  river  from  Hushpukna  to  Greenville  found  to  be  0.377  foot  per  mile, 
and  from  Greenville  to  the  Warren  County  line  0.306  foot  per  mile.  Average  fall  from 
upper  to  lower  end  of  district  0.304  foot.  Average  height  of  levees  above  Greenville, 
not  including  Hushpukna  and  I^ake  Bolivar  crossings,  8.05  feet;  average  height  below 
Greenville,  6.06  feet;  height  of  Hushpukna  levee,  36  feet;  height  of  Lake  Bolivar  levee, 
24  feet. 

The  following  statement  will  exhibit  the  length  of  levee  constructed,  amount  of  work 
embraced  in  estimates  returned  to  date,  and  amount  of  cubic  yards  to  complete  same, 
with  specifications  of  all  work  done  in  your  district  from  October  1,  1882,  to  November 
1,  1883: 
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NAMES  OF  LEVEES  AND  BEMARKS. 


Riverton  levee,  Bolivar  (hunty,  Minan^ippi. — Two  miles  below  Rosedale;  average  height, 
0.59  feet;  work  began  November,  1882,  and  completed  January,  18811 

Beulah  breaks,  \  io9  inclusive. — On  north  bank  Lake  Beulah,  Bolivar  County,  Missis- 
sippi;  average  height,  6.5  feet;  work  began  October,  1882;  completed  December,  1882. 
The  grade-line  being  fixed  at  the  same  as  that  of  the  old  levees,  was  too  low  on  several 
of  these  breaks,  and  after  being  tinLshed  had  to  be  raised  by  the  Levee  Board  to  keep 
the  water  of  188.' J  from  running  over. 

Beulah  to  Riverton  enlargement,  BoUvaY  Coutvty,  Mimssippi. — Average  height,  1.72  feet; 
work  began  November,  1882;  completed  March,  1883. 

Beulah  to  Hughes  enhirgnneni,  Boliixtr  County,  Misnimppi,  ineluding  Clear  Creek  break. — 
Average  height  enlargement,  1.6;  average  height  Clear  Creek  break,  21.6;  work  began 
Jli&vember,  1882;  not  qait«  complete. 

Mlfjh^s  break,  south  of  iMke  Bt-ulah,  Bolioar  County,  3fisitimppL — Average  height,  9.35; 
fMttfccnced  work  Novenr»)er,  1882;  completed  January,  1883. 

Wpifc  break,  north  of  Lake  Bolivar,  Boliear  County,  Miasiasippi, — Average  height,  11.5; 
work  began  November,  1882;  completed  March,  1883. 

Clay  and  Bagot  t^o  Rowlands  {Catfish  Point),  Bolivar  (hunty,  Missiwippi. — Average  height, 
1.45;  commenced  work  November,  1882;  not  yet  completed. 

Rowlands  to  Senkins,  CalfiAh  Point,  Bolivar  Cbunty,  Miaaisftippi. — Average  height,  2.85; 
commenced  work  October,  1882;  not  yet  completed. 

Jenkins  to  Ea^ton,  opposite  foot  of  Lake  BoHmr,  Choctaw  Bend,  Bolivar  County,  Mima- 
9ippi — including  Bolivar  Bayou  and  Kaston  break.s. — Average  height  enlargement,  1.94; 
Average  height,  Bolivar  bayou,  11.2;  average  height,  Ea.ston  break,  11.2. 

Longwood  levee,  Washington  County,  Mississippi. — Protection  levee,  Washington  County, 
Mississippi.  Average  height  main  levee,  10.33;  average  height  protection,  7.26;  com- 
menced work  November,  1882;  completed  January,  1883.  The  contractor  not  having 
the  main  levee  completed  in  time  for  high  water  of  1883  a  protection  levee  was  con- 
structed by  the  contractor. 

Skipwith  levee,  laaaqucfia  County,  Misgisaippi. — Average  height,  7.39;  commenced  work 
November,  1882;  completed  April,  1883.  It  was  necessary  to  enlarge  the  old  front  levee 
as  a  protection  to  this  point.  This  work  was  done  by  day  labor,  and  the  cost  is  repre- 
iented  by  "pay-rolls"  in  your  office. 

E'.lealie  levee,  Issaquena  (hunty,  Miss'saippi;  Ellealie protection,  Issaquena  County,  Miaaiasippi; 
drainage  ditch. — Average  height  main  levee,  9.08;  commenced  work  November,  1882; 
completed  July,  188;^.  That  portion  of  the  line  connecting  the  main  back  levee  with 
the  front,  being  at  right  angles  with  the  river,  was  built  with  a  crown  of  only  4  feet. 

ShUoh  levee  enlargement  and  newlnx'e  at  Arcadia,  Isaaquena  County,  Miaaisaippi, — Average 
height  of  enlargement.  1.41;  average  height,  Arcadia,  6.64;  commenced  work  Novem- 
ber, 1882;  completed  March,  1883.  The  rapid  caving  of  the  river  bank  at  Arcadia  made 
it  necessary  to  construct  a  new  levee  across  an  angle  at  that  point. 

Magna  Vista  to  Chotarda,  lasafpiena  County,  Mississippi;  enlargement  Higgina  Break. — Av- 
erage height  of  enlargement,  2.41;  average  height  of  Higgius  break,  5.06;  oommencod 
work  November,  1882;  completed  Janua'y,  188i3. 

In  addition  to  the  above-mentioned  work  done  under  your  direction  in  the  third  dis- 
trict is  the  following  in  Coahoma  County,  which?  being  a  small  amount^  is  reported  here- 
with, to  avoid  a  separate  report  to  Major  A.  M.  Miller,  Corps  of  Engineers,  United  States 
Army: 


Lengrth  of  levee,  feet , 

Oontento  completed,  cubic  yards 

Width  of  crown,  feet 

Front  ftlopea , 

B»ok  slopeH , 

Height  or  net  grrade  above  hlfirh  water  mark  of  1HS2 

Height  of  groaa  or  shrinkage  grade  above  high-water 
mark  of  1882 , 


Parker's  en- 
largement.* 


3,184 

39,756 

0 

3to1 

3tol 

1.86 

3.86 


Lake  Charles 
levee,  t 


17,924 

78,567 

8 

3  and  4  to  1 

2  and  3  to  I 

2.3 

2.87 


Total. 


21,108 
118,828 


^Average  height  2.85.    Commenced  work  November,  1882;  completed,  March,  1883. 

t  Average  height  10  feet.    Commenced  work  November,  1882;  completed,  January,  1888. 


I  acknowledge  with  pleasure  the  efficient  manner  in  which  my  assistants,  Messrs.  W. 
L.  Starling,  Robert  Somerville,  £.  Mason,  J.  S.  Martin,  and  T.  W.  Helm,  have  performed 
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their  duty  in  the  Geld.  Also,  I  am  indebted  to  W.  L.  Starling  and  Robert  Blakemore 
for  valuable  services  in  the  office. 

Believing  it  will  be  a  matter  of  general  interest  to  know  how  the  Mississippi  Levee 
Board  Ikivc  carried  out  their  promise,  viz,  that  should  their  district  receive  an  allot- 
ment from  the  Mississippi  Kiver  Commission  they  would  expend  two  hundred  thousand 
($2tM),0C)0)  dollars  in  levee  construction  and  repairs,  and  being  their  representative  also, 
I  apnend  a  stiitement  of  the  amount  of  the  work  done  by  them,  embraced  in  estimates 
returned  from  July  10,  188-2,  to  October  1,  1883,  and  cost  of  same,  represented  by  ab- 
stract of  secretary  and  treasurer's  report. 

I  have  also  made  an  approximate  estimate  of  earth-work  required  to  raise  the  levees 
of  this  district  3  feet  above  high  water  of  1882,  based  upon  a  crown  of  8  feet  and  slopes 
of  3  and  3  to  1. 

EarVwork  done  and  under  contract  by  Mississippi  Lewc  Board  from  July  10,  1882,  to  October 

1, 1883. 


Length 
levee. 


of 


In  Coihonm  County,  Mi^^i'wippi  .... 

In  Bolivar  County.  MiKsiMHippi 

In  Washingrton  ('ounty,  Mi?«Hi}*si|)pi, 
In  Is^iquena  County,  Mississippi.... 


Feet. 

57. 461 

179, 150 

51,710 

5, 871 


C  onto  n  t8 
(completed.) 


Cubic  yards. 

m,.S48 

r5:,281 

ol,4»7 

3(),  831 


Total. 


In  Co\homa  County,  Mississippi 

In  JV)livar  County,  Mi{»sis«*ipf»i 

In  VVMshinKton  County.  Mi.s8i<»ippi. 
In  IsAaquenn  County,  Miiwistjippi 


Width    of 
crown. 


Feet. 

3. 4. 6  and  8 

15, 8, 6, 4.  and  3 

4.6,  and  8 

3, 4, 6,  and  8 


294,108 


Front  slope. 


696,«160 


Back  slope. 


Contents  Octo- 
ber 1, 1883,  yet 
necessary  to 
complete. 


Cxibic  yard*. 

15,009 

241,804 

241,500 

17,207 


3tol 

3, 4,  and  5  to  1 

8  and  4  to  1 

2  and  3  to  1 


2  and  3  to  1 

2, 3,  and  5  to  1 

2  and  3  to  1 

2  and  3  to  1 


615,580 


Iliffht  of  net 
f^rade  above 
high- water 
mark  of  1882. 


2 

2.4 
2 
2  and  8 


Recapitulation  of  work  done  in  Mississippi  levee  district. 


Work  done  by  Miasissippl  River  Commission  in 
third  district 

Wt>rk  done  by  Mi-ssi^sippi  Kiver  Conmiission  in 
Coahoma  County,  Mississippi 

Work  done  by  Mississippi  L«evee  BcMird  on  entire 
district 

Total 


Lengrth  of 
levee. 

Feet. 
301,305 
21,108 

Con  tents 
(completed). 

Contents  Octo- 
ber 1,1883,  yet 
necf  Ksary  to 
complete. 

Cubic  yardt. 
1,131,163 
118,323 
696,960 

Cubic  yarda. 

294,198 

15,580 

616,611 

2,038,440 

V" ••»•• 

Estimate  of  earthwork  required  to  raise  the  3Iississippi  levees  3  feet  above  high  water  of  1882, 

ba-wd  upon  a  crown  of  8  feet^  and  slopes  of  3  and  3  <o  1. 

Cubic  yards. 

From  upper  end  of  district  to  a  x>oiut  oppo.site  White  River 1,091, 880 

From  White  River  to  Greenville.  — _ 1,828,899 

From  Greenville  to  Warren  County  line 1,003,350 

Total  amount  necessary _ 3,924,129 
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SUUemeiU  of  cash  disbursed  hy  the  Missiwippi  Levee  Board,  second  Mississippi  distridy  frotn 

July  1,  1882,  to  October  1,  1683. 

General  expense  account ._ $1,721  08 

Mileageand  per  diem , 1,299  13 

Officera*  salaries 6,091  66 

Engineers'  salaries >. 4,375  OO 

Contingent  engineering. 6,217  78 

Rights  of  way ._ _ 27,327  14 

Bolivar  graduation  (new  levees) 110,005  29 

Coahoma  graduation  (new  levees) _ 7,469  54 

Washington  graduation  (new  levees) _.  2,143  15 

Issaquena  graduation  (new  levees)... 7,639  68 

Repairs  and  enlargement  levees,  Coahoma  County 13,567  00 

Repairs  and  enlargement  levees,  Bolivar  County 56,258  11 

Repairs  and  enlargement  levees,  Washington  County 5, 265  61 

Repairing  force  (^livar  and  Washington) 18,533  49 

Grading  and  repairing  levees 5,842  42 

Maintenance  of  levees 300  00 

High  water  of  1882 8,878  04 

High  water  of  1883.- 23,635  31 

Commissions  paid  collector _ 5, 213  42 

Commissions  paid  sheriffs _ •  697  97 

Certificate  of  indebtedness  paid- 48,946  41 

Interest  paid __ 9,064  66 

Cotton  tax  refunded _ 162  00 

Land  sales  and  redemptions  refunded.. 476  40 

Ijcvee  construction-tax _ __. 3  88 

Old  account  settled  by  suit  United  States  circuit  court _ 520  83 

Total 370,655  00 

CONDITION  OF  LEVEES  IN    THE    MISSISSIPPI  LEVEE   DISTRICT. 

They  are  much  better  than  ever  heretofore,  and  when  the  work  now  under  contract 
to  be  constructed  by  January  1,  1884,  is  finished  they  will  stand  from  1.1  to  2  feet  above 
the  high  water  line  of  1882,  with  the  exception  of  the  nine  breaks  of  Beulah,  which  are 
a  tenth  of  a  foot  or  so  below.  Most  of  the  old  levees,  however,  were  built  with  slopes 
of  2  and  3  to  1,  and  with  6  feet  crown.  These  have  been  raised  in  many  instances,  with 
same  slopes,  by  merely  capping,  giving  a  crown  of  3  and  4  feet.  These,  with  all  other 
levees  in  the  district,  except  Lake  Bolivar,  should  be  enlarged  to  a  crown  of  8  feet  with 
slopes  of  3  and  4  to  1,  with  a  grade  of  3  feet  above  the  high  water  of  1882,  and  all  those 
built  of  buckshot  or  clay  should  have  a  cement  wall  inserted  just  above  the  high  water 
line  on  the  front  slope  extending  down  through  the  levee  4  or  5  feet  below  the  natural 
surface. 

And  not  until  this  is  done,  nor  until  the  Mississippi  River  Commission  succeed  in  their 
plans  of  revetting  the  peninsulas,  thus  preventing  cut-of&,  can  we  hope  for  permanent 
levees  of  this  character.  They  are  too  costly  to  build  and  abandon  every  ten  or  fifteen 
years,  and  we  will  have  meanwhile  to  follow  the  old  plan  of  temporizing  with  insecure 
levees,  for  it  is  well  demonstrated  that  the  normal,  or  that  curvature  that  brings  about 
an  equilibrium  rendering  the  banks  stable,  is  of  such  small  radius  that  it  doubles  upon 
itself  by  making  a  complete  curve  resulting  in  a  cut-off  and  loss  to  the  river  of  from  15 
to  20  miles  in  distance — the  result  probably  of  a  half  century's  work,  besides  produc- 
ing an  entire  change  in  its  regimen.  At  this  stage  the  river  commences  at  once  to  re- 
cover the  distance  and  curvature  lost,  and,  with  a  current  accelerated  by  the  increased 
fall,  dashes  against  the  banks,  erodes  and  caves  them  in  with  the  levees  in  excavating  a 
new  channel. 

Stop  cut-ofls  and  the  river  will  go  steadily  and  continuously  on  without  interruption 
in  its  work  of  adjusting  its  rapid  current  to  the  sandy  soil  of  its  banks  by  gentle  curva- 
ture until  an  equilibrium  is  obtained.  At  this  period  a  map  of  most  sections  of  the  river 
would  resemble  the  letter  S,  there  would  be  few  reaches  or  tangents  in  its  course  but  a 
system  of  reverse  curves,  the  degree  of  curvature  varying  only  with  the  characteristics 
of  the  soil. 

We  are  now  threatened  by  cut-offs  at  Caulk 's  Point,  Ashbrook's  Point  and  Tarpley. 
Should  either  of  these  ocx^ur  it  would  precipitate  others,  and  necessitate  the  enlargement 
and  raising  of  all  levees  below  with  new  locations  and  levees  in  many  places  on  both 
sides  of  the  river. 

In  accordance  with  your  request  the  following  Illustrations  are  also  appended  and  sub- 
mitted herewith,  viz,  cross-sections  A,  B,  and  E  of  levees  from  autotype  views;  two.  C 
and  C^,  showing  plan  of  revetting  end  of  levee  at  crevasses,  and  two,  D  and  £,  showing 
front  and  end  view  of  pile  dam  for  closing  crevasse: 
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Cro88~8ec(ian  A. — Represents  a  sloufi^hing  levee,  and  illustrates  the  plan  I  have  found 
most  successful  in  treating  same.  They  occur  generally  in  new  levees  built  of  sandy 
loam  mixed  with  quicksand;  the  latter  is  generally  found  3]  or  4  feet  below  the  surliice, 
and  specifications  should  provide  agiiinst  team  or  scraper  pits  of  greater  depth  than  3 
feet,  except  in  clay  or  buckshot  soil.  B  represents  a  brush  mattreas  one  loot  in  thick- 
ness resting  upon  the  natunil  surface  and  foot  of  displaced  slope,  extending  up  the  slope 
far  enough  to  brace  it,  the  brush  being  laid  straight  and  at  right  angles  to  the  line  of 
levee;  upon  this  brush  the  enibiinkment  C  is  constructed  of  sufficient  weight  to  be  sta- 
tionary, to  brace  and  hold  the  slope  in  place;  the  sipe  water  then  passes  off  under  the 
cbrea  through  the  brush  without  loss  of  material. 

Crom-aection  B. — To  guard  agtiinst  crawfish  borings  and  sipeage,  I  am  now^  putting  in 
for  the  '*  Levee  Board"  at  Vermillion  Lake  levee  3,000  linear  feet  of  cement  wall,  k  inch 
thick,  and  extending  from  high-water  line  on  front  slox)e  of  levee  down  through  the 
levee,  sloping  i  to  1,  to  a  depth  of  4  feet  below  the  natural  surface,  which  makes  the 
wall  in  this  instance  12  feet  in  height.  Am  using  y**-  Louisville  cement,  yV  German 
Portland,  and  ij  sharp  sand,  and  am  keeping  an  exact  account  of  the  cost  per  square  yard 
as  data  for  future  work,  c  represents  an  excavation  in  the  front  slope  for  the  wall,  the 
material  of  which  is  placed  in  the  enlargemen  tiit  d,  and  e  the  cement  wall.  The  excavated 
ditch  c  is  filled  and  tiimped  as  the  wall  Ls  filled  in.  I  am  siitisfied  that  this  will  not 
only  keep  bnck  crayfish  and  prevent  sipeage,  but  will  give  greiiter  strength  to  the  levee 
by  reason  of  keeping  earth  dry,  and  will  render  clay  and  buckshot  levees  safe.  To  save 
cost  of  excavation  at  c,  I  am  now  trying  to  mature  apian  for  a  machine  to  be  driven  by 
a  small  engine,  constructed  somewhat  on  the  order  of  a  pile-driver.  In  place  of  the  ham- 
mer a  chisel-shaped  blade  is  to  be  used  to  cut  the  levee  longitudinally  from  the  high- 
water  level  on  front  slope  to  the  depth  required,  say  15  feet,  the  orifice  left  by  the  chisel 
to  be  filled  with  cement-grout. 

CroHfi'Sectionr  E. — This  is  au  exact  cross-sexjtion  of  the  Lake  Bolivar  levee,  constructed 
under  my  supervision  across  the  head  of  the  lake  in  1882. 

An  eflbrt  wtuj  made  at  great  coat  to  build  this  levee  in  1870  upon  the  natural  surface^ 
by  the  engineer  then  in  charge  of  the  district,  but  owing  to  a  quicksand  foundation  the 
material  would  sink  and  spread,  and  it  was  Ibund  impossible  to  build  up  afler  15  feet  in 
height  was  reached. 

The  base  had  spread  six  hundred  (600)  feet  in  width.  A  vain  effort-  was  kept  up, 
however,  to  build  it  to  the  required  height  of  22  feet;  but  little  progress  was  made,  and 
at  this  time  the  prot^^tion  levee  broke,  water  ran  over  the  work  and  swept  it  away.  In 
rebuilding  this  levee  I  used  a  mattress  foundation,  which  was  constructed  by  first  laying 
XK)l&s,  from  6  to  8  inches  in  diameter,  longitudinally,  as  close  as  they  could  be  placed, 
bre-iking  Joints,  and  of  sufiijient  width  to  ext-end  out  to  within  60  feet  of  the  slope- 
stake;  then  another  layer  of  poles  was  laid  on  the  top,  and  at  right  angles  to  the  first 
course,  breaking  joints,  and  spiked  down  to  first  layer  at  intervals  of  5  feet  with  ship- 
spikes.  Upon  the  second  course  a  coating  of  brush  1  foot  thick  was  laid  parallel  to  sec- 
ond course;  stiindards  or  shrinkage  poles  were  then  firmly  set  in  the  mattress  and  .secured 
by  spikes,  and  of  sufficient  height  above  grade  line  to  allow  for  the  anticipated  depres- 
sion of  mattress,  with  rings  on  the  poles  indiciting  net  and  shrinkage  grade. 

Yazoo  Pass  levee  was  built  upon  similar  mattress  by  M.  Meriwether,  and  the  levees 
crossing  the  blyou^  at  tho  he^d  ani  foot  of  Lake  Bolivar  were  built  by  me  in  1869  in 
this  way,  with  success. 

Reoettneat  C  and  6*. — ^The  ends  of  levees  at  crevasses  should  be  secured  at  the  earliest 
passible  moment;  work  should  begin  at  each  end  simultaneously.  Sacks  .should  be  filled 
with  earth,  tamped  and  securely  sewed,  and  if  the  water  should  be  of  greater  depth 
than  3  feet  the  sacks  ought  to  be  threaded  in  sections  upon  a  three-eighth  inch  cord,  and 
anchored  before  throwing  them  into  the  swift  current.  This  should  be  continued  until  a 
foundation  is  formed  up  to  the  water  line  extending  from  lower  end  of  the  levee  around 
the  end  upon  the  upper  slope  from  30  to  60  feet  from  the  end,  then  carefully  place  your 
sacks,  breaking  joints  as  in  brick  work,  giving  ample  batter  on  the  frnnt,  and  securely 
sewing  each  sack  as  they  are  laid  to  those  contiguous.  This  wall  should  be  continued  4 
or  5  feet  above  the  water  line,  in  order  to  get  the  necessary  weight,  and  provide  for  un- 
dermining of  the  base  which  occurs  from  day  to  day,  rendering  constant  watching  and 
repairs  necessary. 

D  and  E. — D  shows  end  view,  and  E  three-fourth  front  view  of  a  dam  constructed  upon 
piling  6^^  6^^ — 14  feet  long,  driven  7  feet  in  the  ground  and  6  feet  apart  each  way,  with 
top  of  front  pile  made  firm  by  brace  F  against  rear  pile  where  it  enters  the  ground) 
also  as  at  O  to  make  steady,  and  to  support  platform  for  extension  of  work.  Cross- 
timbers  H  12  feet  long  2}  by  8  Inches  should  be  let  down  against  the  piling  on  the  upper 
side,  the  first  resting  edgewise  upon  the  ground,  the  second  about  the  water  line.     In 
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front  of  these  is  driven  sheet  piling  9  feet  in  length,  2^  feet  in  the  ground.     After  this  fill 
in  between  brace  i^and  the  sheet  piling  with  sand-hags,  then  with  earth  if  yon  have  it. 
Yeiy  respectfolly,  your  obedient  servant, 

GEO.  M.  HELM, 

U,  8,  Awl,  Engr. 
Capt  W.  L.  Mabshall, 

Corps  of  EngineerSy  U.  8,  A,,  Vicksburg^  Miss, 


L  6. 

BEPOBT  OF    W.   O.    BLUNT,    ASSISTANT  ENOINEEB,  UPON  A  SUBVEY  OF  CHOCTAW  BEND 

BEACH. 

Wilson's  Point,  La.,  /V*n«iry  7, 1883. 

SiB:  I  have  the  honor  to  forward  herewith  tracings  of  the  map  of  hydrographic  survey 
of  Choctaw  Bend  Reach  made  November  17-December  27,  1882,  under  your  direction. 

It  was  practically  a  low-water  survey,  the  gauge  at  Arkansas  City  reading  8.6  to  13.8 
feet,  the  lowest  of  the  season. 

The  party  arrived  at  Bolivar,  Miss.,  on  the  evening  of  November  16,  in  tow  of  the 
Charlie  De  Pauw,  and  work  was  begun  on  the  next  day.  Considerable  delay  was  ex- 
X>erienced  for  want  of  points  of  conncKition  with  old  survey  by  Assistant  Engineer  Ocker- 
aon  under  Mississippi  River  Commission  in  1881-'82.  Most  of  the  points  had  caved  off 
and  all  others  as  far  down  as  Lucca  Landing  were  covered  with  deposit  too  deep  for  re- 
moval, except  one  at  Jersey  Point.  A  new  system  was  therefore  observed  by  simple  azi- 
muth from  a  base  of  1574"'  measured  with  chain  on  the  bar  opposite  BoUvar,  for  the 
purpose  of  locating  range  signals  and  caving  banks.  These  points  are  shown  on  the  map 
in  capitals,  while  the  old  ones  are  in  italics.  They  are  marked  on  the  ground  by  nail 
in  stake,  with  tripod  and  target  pole  plumbed  over  it — tripods  being  10  to  15  feet  high, 
and  well  set  in  ground.  Generally,  trees  are  blazed  and  marked  ^,  in  the  immediate 
vicinity. 

Ranges  for  sounding  were  placed  at  right  angles  to  trend  of  river  and  about  five  hundred 
meters  apart,  beginning  with  No.  1  at  Cork's  Point,  and  ending  with  No.  73,  below  ele- 
vator at  Arkansas  City.  These  ranges  were  permanently  marked  by  a  stake  with  nail 
in  top  on  each  bank,  as  far  back  as  seemed  economical,  projecting  from  6  inches  to 

3  feet  above  ground,  blazed  and  mark  in  red  chalk,  thus:  ^J^\  letter  L  or  R  being  used, 

as  the  stake  was  on  left  or  right  bank.  (In  some  cases  these  marks  were  left  on  the 
&ce  of  a  tree,  instead  of  driving  stakes. )  Trees  were  blazed  and  marked  in  the  vicinity 
to  show  location  of  permanent  mark,  and  sketches  preserved  for  future  reference.  The 
ranges  were  marked  for  sounding  by  a  square  white-back  target  near  stake  on  each 
bank,  and  a  front  target  of  colored  flags,  to  designate  numbers  of  ranges,  thus: 

1,  6,  11,  &c.:  1  white;  2,  7,  12:  white  over  rwi ;  3,  8,  13:  2  white;  4,  9,  14:  red  over 
white;  5,  10,  15:  white  over  black. 

These  were  located  by  azimuths  from  the  new  triangulation  points. 

Soundings  were  taken  from  a  skiff  with  sixteen-pound  lead,  and  three-eighths  inch 
€Otton  line  marked  in  feet,  and  tested  each  day.  They  were  located  by  one  sextant  angle 
on  range.  About  every  3  miles  a  water  surface  was  taken  from  the  Mississippi  River 
Commission  bench-marks,  which,  when  the  height  of  0  on  Arkansas  City  gauge  is  known, 
will  give  slope  at  time  and  stage  when  taken.  The  soundings,  however,  were  reduced  to 
s  stage  of  0  on  Arkansas  City  gauge,  thus  gi\ing  minus  depths,  or  heights  of  bar  above 
that  stage,  shown  in  red  figures  on  map.  After  this  reduction,  according  to  your  instruc- 
tions of  January  11,  water  lines  were  drawn  for  each  5  feet  change  of  depth  ( — or  -f ), 
those  at  and  above  10  feet  depth  at  low  water  being  shown  in  red,  the  remainder  in  blue, 
with  distinguishing  marks  seen  by  reference  to  map. 

Under  your  instructions,  no  attention  was  paid  to  topography  other  than  to  locate 
bank  lines  where  changed  since  last  survey.  This  was  done  by  sketches  between  located 
signals,  otherwise  topography  was  transferred  from  tracings  sent  from  Mississippi  River 
Commission  office,  which  in  themselves  are  rather  unreliable  from  continual  use. 

The  work  was  plotted  to  a  scale  of  TffiTrv  ^^  ^^^  projections  on  manila  paper,  one 
covering  the  bend  from  Cork's  Point  to  Kentucky  Landing,  about  6  miles,  the  other 
from  this  landing  to  Arkansas  City,  22  miles,  the  sheets  joining  on  the  meridian  91°  07^, 
And  both  being  north  and  south  with  paper.     The  azimuth  system  was  calculated  for 
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plane  triangles  from  the  known  sides  at  lower  portion  of  work  to  check  on  measnrecl 
base  at  Bolivar.  These  points  were  thun  plotted  on  protractor  sheets  and  transt'erred  to 
the  projection  already  made  of  old  points,  and  fitted  at  upper  end  by  bench-nmrks  located, 
for  the  purpose. 

The  map  work  was  done  by  Mes-^rs.  Amelnng  and  Ritchie  in  conjunction.  The  placing 
and  locjxtion  of  triantjciilation  point-;  and  rancj^is  was  «l«>iu*  by  Mr.  Anieluii^,  the  sonndin^^ 
by  Mr.  Ritchie,  and  the  levels  by  Mr.  Puttiion,  who  aUo  icted  as  r  cordir  for  the  otlier 
gentlemen.  To  their  exertions  is  principiliy  due  tiic  coiu^itetion  of  the  survey  before 
the  rise  of  river,  which  b^'j^in  the  d;vy  after  the  work  closed. 

The  quarter-boat,  in  tow  of  the  hkunch  Nellie,  returneil  to  Wilson's  Point  and  re- 
ported to  Mr.  Hider  ibr  duty  on  the  30th. 

Respectfully  submitted. 

WM.  T.  BLUNT, 
United  States  Assistant  Engineer, 

Capfc.  W.  L.  Marshall, 

Corps  of  Enginetrs^  tl,  S,  A. 


APPENDIX  M, 

bepoet  of  majob  amos  8tickney,  corps  of  engineers,  i'pon  operations  in  thc 

fourth  district. 

United  States  Engineer  Office, 

No.  3  SorxH  Rampart  Street, 
New  Orleans,  L<u,  November  20,  1883. 

Sir:  I  have  the  honor  to  report  as  follows  on  the  several  works  in  my  charge  under 
^he  supervision  of  the  commission,  from  December  1,  1882,  to  October  31,  1883. 

levees. 

Since  December  1, 1882,  work  on  levees  has  continued  with  some  interruption  by  high 
water  in  the  Mississippi,  which  in  some  csises  caused  a  total  suspension  of  work  and  ne- 
cessitated the  extension  of  the  time  for  completion  of  all  unfinished  levees.  Progress  has 
been  much  slower  than  was  anticipated  when  contracts  were  made.  This  was  due  to  a 
scarcity  of  labor  laAt  season,  and  unusual  amount  of  malarial  fevers  this  season,  and  the 
bad  management  of  contnu:tors.  Repeated  notices  have  been  sent  to  the  different  con- 
tractors whose  work  progressed  slowly  with  small  forces  to  increase  the  number  of  labor- 
ers employed,  but  these  notices  seem  to  have  had  no  effect.  Up  to  date  six  levees  have 
been  completed  and  accepted,  leaving  five  more  unfinished.  Two  of  these  will  proliably 
be  completed  by  the  end  of  the  year,  and  the  others,  it  is  hoped,  before  the  floods.  There 
is  prospect  with  the  approach  of  cool  weather  of  the  contractors  largely  increasing  their 
forces  and  making  better  progress. 

SURVEY  OF  UNLEVEED  FRONT. 

Detached  surveys  have  been  made  at  sevenil  localities  along  the  line  of  levees  in  this 
district,  but  no  provision  has  been  made  yet  for  construction  of  the  levees.  Portions  of 
the  lines  staked  off  have  not  betn  connected,  and  others  have  proved  to  be  too  close  to 
the  river.  With  a  view  of  connect  ing  the  line  of  levees  to  make  them  continuous,  and  to 
establish  lines  not  yet  surveyed,  parties  are  now  being  organized.  The  following  report 
of  Mr.  H.  S.  Douglas,  assistant  enj^ineer  in  general  charge  of  levees,  gives  the  details: 

New  Orleans,  La.,  November  5,  1883. 

Sir:  I  have  the  honor  to  submit  the  following  report  on  the  '*  construction  and  repair 
of  levees,  fourth  district,'*  from  December  1, 1882,  to  October  31, 1883,  giving  each  levee 
in  detail: 

TENSAS  FRONT. 

From  Castleman's  to  Buck  Rid^e,  near  Point  Pleasant.  Total  length  of  embankment^ 
9,818  teet.  Computed  (contents,  (»."i,tWl. 71  cubic  yards.  Slopes,  2  and  3  to  1.  Crown, 
from  G  to  8  feet.  On  Decenib<  r  1  the  contractor  was  at  work  with  a  small  force,  being 
under  the  impression  that  his  work  would  not  exceed  30,000  cubic  yards;  but  on  Decem- 
ber 2  he  was  notified  that  his  work  would  be  increased,  and  he  was  directed  to  employ 
additional  labor.  This  he  failed!  to  do,  and,  although  an  embankment  sufficient  to  resist 
the  water  was  constructed,  the  U  \r*'  was  not  completed  before  the  rising  river  came 
against  it.  Work  was  resumed  on  t  tie  subsidence  of  high  water,  and  the  levee  was  oom- 
pleted  and  accepted  August  6,  lH.s;i. 
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8HIPP*S  BAYOU  TO  HABD  TIMES. 

Length  of  embankment,  9,727  feet.  Original  estimate,  about  183,000  cnbic  yards. 
Computed  contents,  liable  to  increase,  129,613  cubic  yards.  Slopes,  Sand  2  to  1.  Crown, 
from  5  to  12  feet.  Length  of  protection  levee,  1,044  feet.  Computed  contents,  10,095.33 
cubic  yards.  Slopes,  4  and  2  to  1.  Crown,  4  feet.  Grade  at  up-stream  end  of  main 
levee,  90.895;  grade  at  down-stream  end  of  main  levee,  {>0.695. 

The  fori^  engaged  on  this  levee  was  inadequate,  and  in  consequence  of  the  backward 
condition  of  the  main  embankment  it  was  found  necessary,  February  7,  1883,  to  order 
the  c^mst ruction  of  a  protection  levee,  which,  on  account  of  the  water  coming  at  once 
against  thf*  fresh  earth,  was  very  difficult  to  maintain.  However,  it  was  held,  but  the 
caving  of  the  river  bank  at  a  point  al>ove  the  main  line  caused  an  extensive  crevasse  in 
the  old  levee,  and  the  water  rushing  into  the  bed  of  Lake  Saint  Joseph,  which  the  main 
new  levee  crosses,  caused  a  break  in  it.  The  ground  to  be  occupied  by  the  levee  was 
flooded,  and  after  the  ends  of  the  new  work  had  been  protected  to  prevent  further  caving, 
work  was  suspended,  April  17,  1883,  to  await  a  decline  in  the  river.  The  contractor 
ret-ommenced  work  Septeml)er  13,  1883,  and  expe<'ts  to  complete  the  line  by  Decem- 
ber 15. 

HABDSCBABBLE  AND  BONDUBANT. 

I-<ength  of  embankment,  33,529  feet.  Original  estimate,  about  330,000  cubic  yards. 
Computed  contents,  337,702.85  cubic  yards.  Slopes,  3  and  2  to  1.  Crown,  from  6  to  10 
feet.     Grade  at  up-stream  end,  87.771;  grade  at  down-stream  end,  86.871. 

The  annulment  of  the  original  contract  was  recommended  for  lack  of  due  diligincedi 
the  part  of  the  contractor.  The  annulment  was  approved  December  2,  1^82,  and  au- 
thority given  to  advertise  for  new  bids  by  circular  letter.  Propt^als  were  calkd  for  to 
be  opened  December  4.  The  bid  of  P.  J.  Kennedy  was  considered  the  most  favorable, 
and  award  recommended  to  him,  which  award  was  approved  December  6,  1882,  and 
work  commenced  by  the  c<mtractor  December  8.  About  one- third  of  this  levee  is  located 
in  an  ox>en  field,  in  light,  sandy  land;  the  balance  in  a  dense  swamp,  with  buck-shot  soil. 
The  drainage  of  this  swamp  is  poor:  and  although  embankment  construction  proceeded 
rapidly  in  the  open  field,  the  unfavorable  weather  and  lack  of  labor  made  the  swamp- 
work  proceed  slowly.  On  February  24,  1883,  the  river  flowed  over  its  banks  and  through 
the  swamp,  flooding  the  levee- way  and  contractor's  camps,  C2\using  a  stoppage  of  the  work 
on  that  portion  of  the  levee.  It  was  considered  impracticable  to  build  a  protection  levee. 
Work  with  a  small  force  has  continued  with  but  a  slight  intermis.'^ion  on  the  open-field 
portion  of  the  levee,  and  during  the  last  month  has  been  resumed  in  the  swamps. 

KEMPE  BBEAKS  AND  EXTENSION. 

Length  of  embankment,  17,222  feet.  Original  estimate,  about  340,000  cubic  yards. 
Computed  contents,  305, 11 0.79  cubic  yards.  Slopes:  breaks,  3  and  2  to  1;  extension,  3 
and  3  to  1.  Crown:  breaks  C  to  8  feet;  extension.  8  feet.  Length  of  protection  levee, 
1,862  feet.  Lack  of  an  adequate  force  delayed  the  completion  of  this  levee,  and  the 
coastruction  of  a  protection  levee  was  ordered. 

It  was  completed  February  20,  but  it  afterwards  showed  signs  of  being  weak,  and  was 
raised  and  strengthened.  Work  on  the  main  line  of  embankment  was  suspended  March 
17,  as  the  back-water  encroached  on  the  levee-way  and  flooded  the  contractor's  camps. 
Embjinkment  construction  was  resumed  September  11,  and  is  now  in  progress.  It  has 
been  found  necessary  to  change  the  line  of  the  Kempe  extension,  as  the  river  bank  above 
the  original  point  of  junction  with  the  old  levee  was  caving  rapidly.  The  new  line  joins 
the  old  levee  at  a  poiiit  above  any  probable  caving.  The  present  allotment  not  being 
sufficient  to  complete  the  new  line,  the  Stat«  of  Louisiana  has  undertaken  to  build  that 
portion  not  constructed  by  the  General  Government. 

LAKE  CONCOBDIA  BBEAKS. 

Length  of  embankment,  92,460.5  feet.  Original  estimate,  about  301,000  cubic  yards. 
Computed  contents,  202,724.99  cubic  yards.  Slopes,  3  and  2  to  1.  Crown,  from  4  to  13 
feet.  Grade  at  up-stream  end,  74. 195.  Grade  at  down-stream  end,  74.136.  Work  on 
this  long  line  of  light  embankment  was  not  interrupted  by  high  \5ater,  and  proceeded 
rapidly,  labor  being  plentiful.  The  levee  was  finally  completed  and  accepted  June  11, 
1883. 

FBOtf  QBSEN'S  TO  FAIBVIEW. 

Length  of  emb:»nkment,  55,410  feet.  Original  estimate,  abont  373,000  cubic  yards. 
Computed  contents,  385,714.22  cubic  yards.  Slopes,  3  and  2  to  1.  Crown,  4  to  8  feet. 
G-rade  of  ap-stream  end,|B8.9l5.  Grade  ot  down-stream  end,  67.288.  Work  was  poshed 
rapidly,  bat  the  contractors  were  unable  to  obtain  sufficient  force  to  complete  the  levee 
before  high  water.  A  light  protection  levee  w^i  thrown  up  along  the  river  fh>nt  of  the 
Olassoock  swamp,  through  which  the  main  levee  line  paases,  bat  on  February  20  this 
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gave  away  and  the  river  poured  through  an  unfinished  gap  of  2,600  feet  in  the  levee, 
stopping  further  work  in  the  swamp  until  the  subsidence  of  the  water.  Embankment 
construction  has,  however,  continued  on  the  upper  and  lower  ends  of  the  levee,  and  the 
levee  is  nearly  completed,  except  the  gap  of  2,600  feet  before  mentioned,  on  which  the 
contractors  are  now  working. 

ATGHAFALAYA  FRONT  (ATCHAFALAYA  BIVEB  TO  RED  BIVEB  LANDING). 

Length  of  embankment,  20,708  feet.  Original  estimate,  about  122,000  cubic  yards. 
Slopes,  3  and  2  to  1 .  Crown,  from  4  to  8  feet ;  Grade  at  Atchafalaya  end,  61 .  448 ;  grade  at 
Red  River  Landing  end,  59. 16S.  The  annulment  of  the  original  contract  was  recom- 
mended  for  lack  of  due  diligence  on  the  p;irt  of  the  contractor,  which  recommendation 
was  approved  December  2,  1882,  authority  being  given  to  advertise  for  new  bids  by  cir- 
cular letter.  New  proposals  were  accordingly  called  for,  to  be  opened  December  4.  Mr. 
C.  L.  Hardeman  was  the  lowest  bidder,  and  award  of  contract  to  him  was  recommended, 
and  approved  December  6.  Work  was  commenced  December  8,  1882,  and  would  have 
been  completed  but  for  mismanagement  on  the  part  of  the  contractor.  However,  an 
embankment  sufficient  to  resist  the  high  water  was  constructed,  and  the  work  was  in- 
spected and  found  short.  Contractor  was  notified  to  fill  out  the  shortages,  and  he  reported 
the  work  completed  June  26,  188.'$.  It  was  inspected,  and  still  found  short  The  con- 
tractor refused  to  do  any  further  work,  but  has  since  concluded  that  he  would,  and  is 
now  engaged  in  completing  the  levee. 

HOG   POINT  TO  BACCOUBCI  (oLD  BIVEB). 

Length  of  embankment,  16,460  feet.  Original  estimate,  about  74,000  cubic  yards. 
Computed  contents,  65,946.19  cubic  yards.  Slopes,  3  and  2  to  1.  Crown,  from  4  to  8 
feet.  Grade  at  up-stream  end,  59.003.  Grade  at  down-stream  end,  5(^.103.  Work  pro- 
ceeded witliout  incident  until  date  of  completion  and  acceptance,  March  27,  1883. 

BACCOURCI   CBEYASSES. 

Length  of  embankment,  5,668  feet.  Original  estimate,  about  84,000  cubic  yards. 
Computed  contents,  71,221.77  cubic  yards.  Slopes,  3  and  2  to  1.  Crown,  8  feet.  Grade 
throughout,  56,026.  Embankment  construction  at  first  proceeded  rapidly,  and  it  was 
reported  completed  March  12,  1883,  but  upon  inspection  was  found  short.  Contractor 
was  notified  to  fill  out  the  shortages,  but  it  was  not  until  July  28, 1883,  that  the  work  was 
finally  completed  and  accepted. 

HTEWABT'S  CBEVASSE. 

Length  of  embankment,  1,674  feet.  Original  estimate,  about  9, 000  cubic  yards.  Com- 
puted contents,  9,175.55  cubic  yards.  Slopes,  3  and  2  to  1.  Crown,  6  feet.  Grade  at 
up-stream  end,  52.411.  Grade  at  down-stream  end,  52.311.  Work  was  not  commenced 
by  the  contractor  until  December  18, 1882,  and  the  force  eihployed  was  so  small  that  the 
levee  was  not  completed  until  March  20,  1883.  It  was  inspected  and  received  April  13, 
1883. 

POINT  COUPEE  CBEVASSB. 

Length  of  embankment,  5,762,5feet.  Original  estimate,  about  120, 000  cubic  yards.  Com- 
puted contents,  1 10,947.01  cubic  yards.  Slopes,  3and  3tol.  Crown,  8feet.  Grade  through- 
out, 50,815.  Owing  to  the  neglect  of  the  contractor  to  put  a  sufficient  force  on  this  work, 
it  was  in  a  very  precarious  condition  about  February  1.  The  river  was  rising  rapidly 
and  threatened  to  pour  through  the  unfinished  levee.  The  emplpyment  of  convict  labor 
was  authorized,  and  a  large  K)rce  put  to  work.  The  base  of  the  levee  was  put  in,  and 
the  balance  of  the  embankment  built  up  with  earth  from  the  land  side  to  keep  ahead  of 
the  rapidly  rising  river,  which  came  against  the  unfinished  levee  February  20.  A  cer- 
tain portion  of  the  levee  kept  sinking  or  settling.  This  was  where  the  line  crossed  an 
old  lake-bed  or  slough.  It  being  difficult,  if  not  impossible,  to  measure  the  amount  of 
earth  in  this  portion,  a  modification  of  the  original  contract,  so  far  as  this  part  of  the 
levee  was  concerned,  was  recommended,  and  approved  April  25,  1883.  The  levee  was 
inspected  and  received  May  31, 1883.  The  principal  causes  of  the  non-completion  of  work 
have  been: 

First,  The  lateness  of  the  season  when  work  was  commenced,  and  the  early  and  sud- 
den rise  in  the  Mississippi  River. 

Second,  The  difficulty  in  obtaining  and  holding  labor.  The  lars^e  amount  of  railroad 
work  gping  on  throughout  the  country,  in  addition  to  the  levee  work,  insured  employ- 
ment to  every  able-bodied  man  who  desired  it,  and  as  a  consequence  labor  was  very  un- 
reliable, going  from  levee  to  levee  without  apparent  cause.  I  have  reason  to  believe  that 
upwards  of  5,000  men  were  brought  to  the  various  levees,  and  at  no  time  were  more  than 
half  that  number  actually  employed.  The  oontractors  were  notified  from  time  to  time 
to  increase  their  forces,  but  these  notifications  seemed  to  have  but  little,  if  any,  effect. 
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Thiid.  Bat  few  of  the  oontractors  personally  superintended  their  work,  preferriiig  to 
trust  to  employ^  who  were  in  many  cases  inefficient,  and  had  no  disposition  to  push 
the  work  to  completion^ 

The  principles  generally  ohserved  in  establishing  the  grades,  crown,  and  slopes  of  the 
levees  in  the  district  have  been  to  build  them  at  least  as  high  as  the  old  levees  which 
they  join.  The  grades  given  in  this  report  are  ftom  the  bench  marks  of  the  Commis- 
sion referred  to  a  plane  190.84  feet  below  the  zero  of  the  United  States  Engineers'  gauge 
at  Memphis,  Tenn.  The  slopes  have  been  governed  by  the  amount  of  money  allotted. 
Only  two  of  the  levees  have  been  built  with  3  and  3  to  1  slopes;  the  remaining  n*ine  have 
3  and  2  to  1  slopes.  In  most  cases  an  endeavor  has  been  made  to  makd  the  crown  equal 
to  the  height  to  the  nearest  foot  where  the  height  was  greater  than  4  feet.  Where  a  line 
of  light  embankment  crossed  a  slough  or  bayou  the  crown  of  the  levee  was  increased,  or 
a  banquette,  so  termed,  built  on  the  land  side,  to  within  the  width  of  the  crown  of  the 
top  of  the  levee.  Levees  with  3  and  3  to  1  slopes  were  built  with  a  uniform  crown  of  8 
feet. 

In  future  it  is  not  thought  advisable  to  build  levees  where  the  fill  is  more  than  6  feet 
with  less  than  3  to  1  slopes,  especially  in  swampy  localities.  Flumes,  culverts,  and  other 
openings  through  the  embankments  have  not  been  permitted  in  any  case,  and  should 
not  be.  Measures  should  be  taken  to  prevent  the  levees  being  used  as  roads,  or  else  they 
should  be  built  considerably  higher  than  would  otherwise  be  neoessatr,  to  allo^  for  the 
wearing  down  caused  by  traffic.  A  portion  of  the  levees  designated  as,  from  Castleman's 
*  to  Buck  Ridge, ' '  in  the  advertisement  for  proposals,  was  surveyed  and  staked  off,  but  was 
not  built  for  lack  of  fhnds.  It  is  probable  that  the  high  water  of  1883  may  have  oblit- 
erated some  of  the  line  and  caused  the  banks  of  the  river  to  cave  so  as  to  render  a  change 
of  line  advisable  at  certain  points.  A  resurvey  will  be  necessary  between  Castleman's 
and  New  Carthage  to  determine  these  fiicts.  TheBougi^re  Crevasse  was  also  staked  off, 
but  the  assistant  engineer  who  made  the  survey  states  that  the  lineisprobablv  too  close 
to  the  river,  and  it  should  be  changed.  From  Fairview,  the  lower  end  of  the  '  ^Greens  to 
Fairview  "  levee  to  the  mouth  of  Red  River,  in  which  is  included  the  Bougi^re  Crevasse, 
is  unleveed  except  isolated  pieces  on  the  high  lands.  The  distance  by  river  is  54  miles, 
and  a  survey  of  this  stretch  will  be  necessary  before  work  is  undertaken.  The  above 
surveys  and  the  works  based  upon  them  will  make  the  line  of  levees  continuous  on  the 
right  bank  of  the  river  throughout  the  district  to  the  forts.  I  have  been  assisted  in  the 
field-work  by  three  assistant  engineers  acting  as  inspectors,  and  thirteen  sub-inspectors. 
This  force  has  been  reduced  from  time  to  time  as  the  levees  were  completed  or  put  in 
such  a  condition  as  to  no  longer  require  close  supervision. 

SHrfnmary. 


Levees. 


From  CMilenian^s  to  Back  Bidge,  near  Point 
Pleasant 

Sbipps*  Bayou  to  Hard  Times,  including  protec- 
tion levee..„; 

Hardscrabble  and  Bondurant 

Kempe  Breaks  and  extension,  including  protec- 
tion levee » 

I^ke  Concordia  Breaks 

From  Qreen's  to  Fairview 

Atcbafalaya  River  to  Red  River  Landing.... 

Hog  Point  to  Racoourci  (Old  River) 

Raccourci  Crevasses 

Stewart's  Crevasse 

Pointe  Coup6e  Crevasse 


Feet. 

9,818.0 

10,771.0 
83,629.0 

19,084.0 

92,460.5 

8t»,  410.0 

20,708.0 

16,460.0 

5,668.0 

1,674.0 

6,762.6 


9 

I? 

I* 


Feel.       '  Cubieyards. 


9,818.0 

6,609.0 
15,663.0 

13,862.0 

92,460.6 

52,801.0 

20,706.0 

16,460.0 

5,668.0 

1,674.0 

5,762.6 


I 


66,661.71 

139,708.89  i 
837,702.86  ' 

I 

306,110.79  i 

202,724.99  > 

385,714.22  ' 

70,377.67 

66,946.19 

71.221.77 

9,176.56 

110,947.01 


u 


OS 


Cub.  yd*. 
66,661.71 

76,416.36 
106.883.46 

172,476.06 

202,724.99 

318,384.46 

69,028.47 

66,946.19 

71,221.77 

9,175.55 

110,947.01 


271,345.0   241,586.0 


1, 764, 291. 04   1 ,  267, 360. 01 


H,  Ex.  37- 


^0 
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UNLEVKED  FRONTS. 


Estimated      Estimated 
length.      ;  cubic  yards. 


Gastleman's  to  New  Carthage 

Bougi6re '. 

lUack  Hawk  to  Red  Biver 


Feet, 
50,000  ,            410,000 
28,400                637.000 
88»B00  i 


Timber  felled  on  all  levee  linee,  260  acres. 
Total  lesgth  of  levees  under  contract,  51  miles,  2,065  feet. 
Length  constmcted  to  October  31,  45  miles,  3,936  feet. 
Remaining  to  build,  6  miles,  3,409  feet. 

Feet. 

Total  contents  of  levees  as  computed - 1,764,291.04 

In  embankment  October  31 1,257,366.01 

Remaining  to  place  in  embankment 506,925.03 

Very  respectfVilly,  your  obedient  servant, 

H.  S.  DOUGLAS, 
AmgUmt  Engineer. 
Maj.  Amos  Stickney, 

Corps  of  Engineers^  U.  S.  A. 

IMPBOVINO  MISSISSIPPI  BIVBB  AT  NATCHEZ  AND  VIDALIA. 

No  work  has  been  done  since  the  transfer  of  this  work  to  me  by  Capt.  A.  M.  Miller, 
Corps  of  Engineers,  U.  S.  A.  It  had  been  my  expectation  to  have  an  examination  made 
of  this  locality  daring  low  water,  for  the  i^arpose  of  preparing  a  project  for  work,  bat  the 
nnnsoal  sickliness  of  the  season  has  so  cnppled  my  force  of  assistants  that  nothing  has 
been  done.  The  old  survey  shows  the  principal  features  of  the  locality,  and  I  expect  to 
base  a  project  upon  that  survey.  A  recent  general  view  of  the  banks  obtained  in  pass- 
ing on  a  steamer  showtj  that  the  caving  of  the  banks  continues  as  before,  but  only  to  a 
small  extent  in  Giles  Bend,  the  worst  caving  being  in  Marengo  Bend  and  down  toward 
Waverly  Point.  The  danger  to  Natchez  Harbor  is  not  inundate,  but  works  for  bank 
protection  will  be  required  to  prevent  the  working  down  of  the  bend  above  Natches. 

IMPBOVIKd  MOUTH  OF  BED  BIVBB. 

At  the  date  of  my  last  annual  report  to  the  CommisBion  work  in  old  river  and  at  the 
mouth  of  Red  River  was  suspended,  as  high  water  made  it  no  longer  necessary  for  navi- 
gation. 

In  letter  of  August  17, 1883,  to  the  president  of  the  Commission,  I  recommended  to 
the  Commission  that,  if  necessary  to  keep  open  navigation  during  low  water,  the  same 
means  be  employed  as  heretofore,  that  is,  by  moving  a  stem-wheel  steamboat  attached  to 
two  tugs  backward  and  forward  over  the  shoal  places  to  stir  up  the  mud,  so  that  the  cur- 
rent might  cut  a  channel,  and  to  use  a  dredge-boat  for  cutting  a  channel  through  the  bar 
at  the  mouth  of  old  river.  This  having  been  approved  by  the  Commission,  steps  were 
taken  August  25, 1883,  to  procure  the  necessary  plant. 

This  plant  should  have  been  at  work  by  September  3,  1883,  but  on  account  of 
breakage  of  machinery  of  one  of  the  tugs  after  starting  from  New  Orleans,  and  the  sink- 
ing of  the  barge  containiug  the  supply  of  coal,  actual  operations  were  not  commenced 
till  September  7.  At  this  time  there  was  9  feet  of  water  on  the  outer  bar  and  5 
feet  through  what  is  known  as  the*' ^  gut  ^'  in  Old  River,  and  it  was  thought  that  a  channel 
conld  be  maintained;  but  the  water  continued  to  fall  with  great  rapidity,  and  the  banks, 
from  800  to  1,000  feet,  through  the  gut,  slid  in,  almost  completely  closing  the  water-way 
and  shutting  off  the  flow.  'Hie  consequence  of  this  was  an  immediate  draining  of  Lower 
Old  River  into  the  Atchafalaya  from  a  point  about  a  mile-  above  the  foot  of  Tumboll's 
Island,  leaving  the  boats  hard  aground,  two  of  them  having  scarcely  any  water  arouud 
them. 

I  visited  the  locality  October  11,  and  fbund  at  one  place  a  vddth  of  about  3  feet,  witb 
leas  than  1  foot  depth,  which  was  all  that  remained  of  the  river.    This  sliding  in  of  the 
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iNiaka  has  oocarred  at  each  low-water  season  for  a  number  of  years,  but  never  before 
to  the  extent  of  this  year. 

Some  harsh  comments  have  been  made,  as  in  previous  years,  with  regard  to  the  failure 
of  the  plant  to  keep  a  na viable  channel,  but  such  comments  must  certainly  have  ema- 
nated from  persons  much  interested  in  keeping  navigation  open,  but  ignorant  of  the 
cause,  or  extent  of  the  cause,  which  operated  to  close  the  channel.  It  has  never  becoi 
-claimed  that  the  plant  used  could  do  anything  more  than  help  the  current  in  deepening 
the  shoal  places,  when  the  water  was  low  enough  for  the  action  of  the  tug  wheels  to  be 
felt  on  the  bottom  and  the  volume  of  water  and  current  strong  enough  to  cany  off 
the  material  stirred  up.  The  dams  formed  by  the  sliding  in  of  hundreds  of  feet  of 
the  river  banks  not  only  cut  off  the  necessary  water  to  float  the  boats,  but  stopped  the 
-current  necessary  to  carry  away  any  material  that  might  have  been  stirred  up. 
This  peculiar  sliding  in  of  the  banks  in  this  locality  has,  I  believe,  never  been  satisfitc- 
torily  explained.  Upon  my  recent  visit  I  made  a  special  investigation  of  the  matter, 
And  I  believe  I  have  discovered  the  cause  of  the  instability  of  the  banks  to  be  the  presence 
of  water  back  of  the  banks,  whose  surface  is  at  a  considerable  elevation  above  the  river. 
When  the  river  &lls  rapidly  this  back  water,  acting  under  a  considerable  head,  forces  its 
way  under  the  banks,  converting  the  lower  strata  into  a  semi-liquid  material  which 
will  not  stand  under  a  slope  of  1  in  20,  or  even  flatter.  I  believe  there  was  not  a 
single  instance  of  sliding  b^k  behind  which  I  did  not  find  either  standing  water  or 
pows  where  water  had  recently  been.  The  natural  drains  for  this  back  water  are  tech 
year  more  and  more  obstructed  by  the  deposit  of  sediment  from  overflows,  the  obstruc- 
ition  increasing  more  rapidly  near  the  river  banks.  As  a  result  of  this  the  pond  water 
is  held  at  a  higher  level,  and  when  the  river  is  low  forces  its  way  through  the  soil  under 
greater  head. 

The  steamboat  and  tuga  commenced  work  September  7,  and  were  compelled  to  stop 
'September  25.    They  resumed  work  on  October  17,  and  on  November  10  were  ordered 
to  return  to  New  Orleans,  there  being  a  navigable  channel  8  feet  deep  through  Old 
River.     The  dredge  commenced  work  on  the  outer  bar  September  8,  and  worked  con- 
tinuously until  October  22,  when  she  was  moved  up  to  the  gut.     On  the  10th  of  No- 
vember she  was  laid  off.     I  am  at  present  engaged  upon  a  plan  for  the  permanent  im- 
provement of  this  locality,  which  I  hope  to  present  to  the  Commission  in  a  short  time. 
In  December,  1882,  an  assistant  engineer  was  sent  to  make  some  surveys  of  Old  River 
in  order  to  obtain  data  for  estimates  and  project  for  placing  a  sill  across  old  river,  with 
4b  levee  across  the  valley  to  check  the  enlargement  of  the  passage  into  the  Ateha&laya 
River.    This  was  completed  early  in  February,  and  estimates  were  submitted  to  the 
'Commission  ^March  20,  1883.    The  Commission  decided  to  postpone  action  on  this. 
Upon  my  recommendation  for  a  resurvey  of  the  old  river,  which  was  approved  by  the 
"Commission,  a  party  wis  started  from  New  Orleans,  June  5,  and  work  commenced  a  few 
days  afterwards,  but  sickness  and  un&vorable  weather  at  times  almost  suspended  oper&- 
tions.    The  survey  is  still  in  progress,  and  it  is  hoped  that  the  present  cool  weather  will 
enable  the  party  to  complete  it  soon.     The  following  report  of  the  assistent  engineer  in 
«eharge  gives  the  details: 

Red  Riyeb  Landing,  .October  31,  1883. 

Major:  I  have  the  honor  to  report  to  you  the  amount  of  work  accomplished  on  the 
•survey  of  the  mouth  of  Red  River  and  vicinity  since  the  7th  of  June,  when  I  arrived 
liere  with  a  portion  of  my  party,  which  was  not  complete  until  the  arrival  of  the  steam- 
launch  on  the  22d  of  June.  The  survey  of  the  Mississippi,  including  both  banks,  is  fin- 
ished firom  below  Red  River  lAuding  to  Carr's  Point,  by  means  of  a  shore  line  on  th^ 
right  bank  and  distances  carefully  measured  to  the  top  of  the  bank,  so  as  to  show  the 
erosion  accurately,  and  a  note  of  the  stage  of  water  and  its  line  at  the  edge.  The  oppo- 
isito  bai^  is  located  by  a  series  of  angles  taken  on  flag  stations  placed  on  all  points  and 
inlets,  so  as  to  define  the  line  of  the  top  of  the  bank  correctly.  The  sides  of  triangula- 
tion  on  the  right  bank  forming  the  bases  are  never  less  than^ialf  a  mile  in  length,  and 
4»  primary  baie  has  been  carefully  measured  and  checked  with  a  steel-tape  measure. 
•Observations  of  the  true  meridian  have  been  taken  on  this  base  line.  A  traverse  line 
with  the  immediate  topography  has  been  run  on  the  levee  from  half  a  mile  below 
Red  River  Landing  to  section  No.  12,  on  Atehafalaya  River.  Cross-sections  Nos.  2,  4, 
•6,  10,  and  12  of  the  Atehafi»laya  have  been  relocated,  sounded,  plotted,  and  sent  into  the 
office.  Likewise  in  the  lower  old  river,  crosa-sections  F,  G,  I,  Z,  X,  also  D,  Y,  and 
H,  in  the  mouth,  near  the  Missiwippi.  These  sections  require  to  be  extended  back  on 
the  high  ground  on  the  right  of  the  Atcha&laya,  and  on  the  TurnbuU  Island  side  of 
Lower  Oljd  River,  now  that  the  water  is  low  enough  to  make  it  practicable  to  do  so.  Eight 
•cross-sections  have  been  taken  on  the  upper  old  river  at  right  angles  to  the  bed  of  the 
river,  and  extending  across  all  the  chutes  to  the  high  ^und  on  either  side,  and  the 
notes  with  approximate  location  on  the  map  of  1879  iStve  been  sent  to  the  office.  A  sec- 
tion and  the  low- water  discharge  of  Red  River  have  been  taken  1,000  feet  above  the 


468  BEPOET   OF   THE   MISSISSIPPI   RIVER   COMMISSION.' 

head  of  Tumbull's  Island,  plotted,  and  sent  in.  The  time  of  observation  was  most  favor- 
able; if  we  had  not  bad  snch  difficctlty  in  getting  to  the  Point,  the  section  wpnld  have 
been  extended  further,  and  the  observation  made  more  elaborately.  The  surface  fall  to 
Barbre's  at  the  time  of  observation  will  be  forwarded  to  you  with  the  notes  of  cross- 
section  No.  YIII  of  Upper  Old  River.  The  shore  line  on  Lower  Old  River  has  been  run 
Section  L  near  Ash  Cabin,  connecting  and  locating  the  cross-sections.  The  instrumedtal 
work,  measuring,  sounding,  relocating,  and  referencing  off  on  the  cross- sections  has  been 
done  in  a  careftil  and  accurate  manner.  The  levels  check  most  satisfiM;torily  with  those 
of  Mr.  Reese  in  1680.  The  direction  and  approximate  velocity  of  the  current  in  Old 
River  lias  been  daily  observed  and  the  report  for  the  last  ten  days  is  inclosed^  also  a  sick 
list  for  each  month,  taken  from  a  rough  record  of  each  day's  work. 

There  are  many  odd  days  and  half  days  where  men  were  off  duty  that  I  took  no  note 
of«  and  the  amount  of  days  lost  by  sickness  fisdls  to  express  how  the  general  ill-health 
of  the  party  has  retarded  the  survey,  and  the  enervation  of  the  whole  party  caused  by 
the  sickliness  of  the  season.  The  deaths  of  the  old  inhabitants  in  this  locality  have  been 
remarkably  numerous.  The  sickness  of  two  members  of  my  party  has  resulted  in  death 
soon  after  leaving  the  party.  Both  were  only  a  short  time  employed.  The  character  of 
the  malaria  is  tenacious  and  malignant.  Mr.  Struthers,  a  leveler,  who  left  August  12, 
and  went  by  sea  to  New  York,  writes  to  me  pn  October  12  that  he  is  still  very  weak 
and  subject  to  fevers,  and  has  been  unable  to  do  any  work  since  he  left  here.  Mr.  Pos- 
tell,  a  rodman,  writes  firom  Georgia  to  the  same  effect.  The  oi^nization  of  my  party  i& 
continually  spoilt  by  the  changes  in  its  members.  By  comparing  the  time  lost  by  sick- 
ness with  the  .time  on  the  pay-rolls,  a  percentage  of  time  lost  can  be  obtained. 

The  greatest  surface  fall  with  running  water  between  the  Mississippi  that  I  have 
knowledge  of  was  on  the  21st  of  October,  and  was  6.  ^4. 
I  am,  respecti\il]y,  your  obedient  servant, 

ARTHUR  OWEN  WILSON, 

Astistant  Engineer. 

Miy.  Amos  Stickney, 

C&rps  of  Engineers^  U.  8.  A, 

In  accordance  with  the  resolution  of  the  Commission  of  September  14, 1882,  and  my 
project  presented  to  the  Commission  March  20, 1883,  an  assistant  engineer  and  party  was 
sent  into  the  field  in  June,  1883,  to  make  a  survey  to  obtain  more  data  for  plan  luid  esti- 
mate of  cost  of  opening  a  navigable  route  from  the  Mississippi  River  to  the  Atchafalaya 
and  Red  River  by  way  of  Bayou  Plaquemine.  Work  was  commenced  June  13,  but  sicknesA 
and  bad  weather  made  progress  very  slow.  The  party  became  disorganized  on  June  28,  and 
the  assistant  engineer  returned  to  New  Orleans  sick.  Another  assistant  was  sent  up,  but 
after  a  few  weeks  of  slow  work  became  sick  and  died.  The  sur^y  was  suspended  Sep- 
tember 11.  It  will  be  resumed  as  soon  as  practicable.  An  esUihate  of  the  cost  of  the 
Plaquemine  route  is  being  preimred  from  the  notes  of  the  recent  survey  in  Bayou  Plaque- 
mine,  and  fix>m  a  previous  survey  of  Grand  River  made  under  the  direction  of  this  office. 

SUBVEY  OP  CUBITT*S  GAP. 

A  party  was  sent  to  make  this  survey  on  January  13,  1883,  but  owing  to  dense  fogs, 
nothing  was  accomplished  beyond  making  a  few  soundings  across  the  river  and  a  few  in 
the  gap.  The  survey  was  suspended  and  the  party  returned  to  New  Orleans.  After 
the  cessation  of  fogs  the  river  was  too  high,  being  over  its  banks,  to  permit  a  party  to 
camp  in  the  vicinity.  This  present  time  is  favorable  for  the  survey  and  a  party  will 
probably  be  sent  to  the  locality  during  this  month.  An  additional  allotment  is  necessary 
for  this,  the  original  allotment  having  been  too  small  and  a  considerable  portion  used  in 
the  ineffectual  attempt.  Captain  Heuer,  Corps  of  Engineers,  has  kindlytoffered  to  make 
the  soundings  in  the  river,  with  the  party  constantly  engi^^  at  the  jetties,  who  are 
accustomed  to  deep-water  soundings  and  have  a  steam-launch  at  their  disposal. 

OBSBRVATIONB  AT  CARBOLLTON. 

In  order  to  carry  out  the  resolution  of  the  Commission,  allotment  for  which  was  made 
Noyember  19,  1882,  and  afterwards  increased  by  $1,500,  an  observation  party  was  sta- 
tioned at  CarroUton  on  January  17,  1883,  and  measurements  of  river  discharge  were  com- 
menced on  January  27,  1883.  Daily  observations  were  made  when  the  weather  would 
permit  until  the  latter  part  of  July.  At  this  time  it  was  found  that  by  using  the  jjarty 
in  connection  with  the  preparatory  work  for  improvement  of  New  Orleans  Harbor  a  longer 
time  could  be  covered.     The  observations  were  therefore  reduced  to  two  per  week  and 
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oontimed  till  September  7,  when  the  allotment  was  exhausted.     The  report  of  Assist- 
ant  Engineer  W.  G.  Price  gives  details  of  the  observations  (see  plates  II  and  III): 

Cabbollton,  La.,  November  8,  1883. 

Majob:'I  have  the  honor  to  submit  the  following  report  of  discharge  measurements  of 
the  Mississippi  River  at  Carrollton^  La.,  from  January  27  to  September  7,  1883,  made 
cmder  your  direction.  The  party  was  organized  in  Saint  Louis,  and  arrived  in  Carroll- 
ton  January  17.  It  consist^  of  an  assistant  engineer,  a  recorder,  an  engineer  of  launch, 
^  steersman,  and  two  boatmen.  Ten  days  were  required  to  construct  the  necessary  ap- 
paratus, and  the  first  discharge  was  measured  on  January  27.  The  discharges  were  taken 
idaily,  except  Sundays,  from  January  27  to  July  21,  and  then  in  order  to  make  the  ap- 
propriation last  until  low  water  the  discharge  was  measured  only  twice  a  week.  On 
September  7,  the  appropriation  having  been  about  used  up,  the  work  was  stopped.  The 
«ection  used  is  known  as  the  Cambronne  section.  The  velocity  was  measured  with  the 
current  meter;  meters  A  and  B  of  my  own  construction  were  used.  The  meter  was  run 
from  a  catamaran  which  was  lashed  to  the  side  of  a  steam-launch,  which  was  kept  steady 
at  the  velocity  stations  by  the  pilot  and  engineer.  Range  lines  were  put  up  on  shore  for 
that  purpose.  The  soundings  and  velocity  stations  were  located  by  means  of  a  sextant 
set  at  an  angle  of  14°  2^,  and  a  stadia  base-line  of  signals  on  shore,  the  distance  being 
read  directly  from  the  base-line.  Most  of  the  soundings  were  taken  with  an  ordinary 
lead-line,  some  with  a  jack  chain  and  others  with  a  graduated  wire.  As  all  these  sound- 
ings agree,  it  is  thought  the  error  froip  using  a  lead-line  is  very  small.  In  taking  dis- 
charge tlie  velocit}'  was  measured  at  mid-depth  only  and  at  eighteen  stations.  These 
stations  were  taken  at  the  same  points  each  day  and  were  near  together  where  the  hori- 
.zontal  curve  of  velocity  was  sharp  and  farther  apart  at  other  places.  The  mid-depth 
velocity  was  reduced  in  computing  the  discharge  by  from  3}  to  4  per  cent.,  which  quan- 
tities were  determined  iix>m  the  vertical  curves  of  velocity.  The  method  of  partial  areas 
<was  used  in  computing.  The  eighteen  velocity  stations  divided  the  section  into  ninet^n 
.partial  areas,  and  each  area  except  those  next  the  shore  was  multiplied  by  the  mean  of 
two  velocities.  The  apparatus  used  worked  very  nicely;  the  meters  were  rated  several 
itimes  during  the  work  and  always  with  the  same  result. 

VEBTICAL  VELOCITY  CUBVE8. 

These  curves  were  measured  with  the  current-meter  at  points  from  1  to  5  feet  apart  from 
the  surface  to  within  1.3  feet  of  the  bottom.  The  meter  was  run  from  ten  to  twenty 
minutes  at.  mid-depth  and  two  minutes  at  each  of  the  other  points.  The  verticals  were 
measured  at  each  of  the  eighteen  velocity  stations  used  in  measuring  discharge.  The 
curves  were  plotted  on  cross-section  paper,  and  then  the  depth  was  divided  into  thirty 
parts,  and  the  velocity  was  scaled  at  each  depth.  To  combine  them  the  velocities  at  the 
same  proportional  depths  in  the  different  curves  were  added  and  the  resulting  curve 
plotted.  To  get  the  mean  velocity  the  area  of  the  curve  was  divided  by  the  depth.  I 
have  made  four  combinations  of  these  curves  taken  between  January  27  and  July  1. 
Those  taken  between  July  1  and  September  7  have  been  combined  in  one  curve.  These 
•curves  are  very  regular,  and  show  tlutt  the  wind  has  but  little  effect  on  the  motion  of  the 
water,  and  that  the  average  per  cent,  of  mean  velocity  to  mid-depth  velocity  is  about 
^6\,  being  a  little  less  for  a  rising  river  and  a  little  more  for  a  falling  river. 

BEND  SOUNDINGS. 

I  began  sounding  a  section  across  Nine  Mile  Point  Bend  March  20,  and  these  soundings 
were  continued  at  mtervals  till  September  7.  The  soundings  have  been  plotted  and  the 
^atum  areas  calculated.  They  show  that  the  bottom  cut  out  as  the  river  rose  and  that 
it  filled  up  again  at  low  water. 

AMOUNT  OF  WOBK  DONE. 

Discharges  measured 148 

Vertical  velocity  curves  measured 61 

•Section in.bend  sounded Stinies. 

Respectfully  submitted. 

W.  G.  PRICE, 

Assistant  Engineer. 
M%j.  Amo9  Stickney, 

Corps  of  Engineers,  U.  S.  A. 
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Tabulaied  results  of  discharge  measuretnenis. 


Date. 


1888. 

January  27 

January  30 /. 

January  81 , 

February  1.... 

February  2 

February  6 

February  7 

February  8. 

February  9 

February  10 

February  13 

February  16 

February  17 

February  19 , 

February  20 

February  21 

February  2? 

February  28 

February  28 

March  1 

March  2. 

March  8 

March  5. 

March  7. 

March  9.. 

March  12 

March  13. 

March  14 

March  16 

March  16. 

March  17 

March  19 

March  20 

March  21 

March  22 

.  March  23 

March  24 

March  26 

March  28 

March  29 

March  80 

March  81 

April  2 

Aprils. 

April  4 

April  6 

April  6 

April  7 

April  9 

April  10 

April  11 

April  12 

April  14 

Aprilie 

April  17 

April  18 

April  19.. ...>. .». 

April  20. 

April  21 

April  28 

AprU24 

April  25 

April  26 

April  27 

April  28 

April  30 


s 

dS 

O 


May 
May 
May 

May 
May 
May 
May 


1. 
2. 
3. 
4., 
5., 
7., 
8.. 


4.609 
4.970 
6.310 
6.680 
6.170 
7.634 
8.494 
8.788 

Q.  WW 

9.230 
9.486 
9.915 
10.385 
10.980 
11.075 
11.166 
11,340 
11.680 
12.161 
12.880 
12.377 
12.298 
12.490 
12.686 
12.962 
12.785 
12.875 
12.940 
13.046 
13.102 
13.175 
13.317 
13.492 
18.452 
13.300 
18.468 
18.910 
18.991 
14.120 
14.264 
14.560 
14.676 
14.839 
14.945 
15.007 
16.032 
15. 133 
15.388 
15.466 
15.260 
15.123 
15.103 
15.061 
14.806 
14.689 
14.610 
14.664 
14.580 
14.600 
14.487 
14.420 
14.855 
14.223 
14.300 
14.201 
14.213 
14.238 
14.234 
14.245 
14.190 
14.268 
14.130 
14.014 


5 

I 


2,289 
2,290 
2,290 
2,291 
2,292 
2,300 
2,329 
2,340 
2,342 
2,348 
2,356 
2,855 
2,360 
2,362 
2,364 
2,866 
2,420 
2,518 
2,520 
2,546 
2,546 
2,560 
2,665 
2,560 
2,567 
2,667 
2,667 
2,567 
2,567 
2,667 
2,567 
2,567 
2,567 
2,667 
2,567 
2,667 
2,567 
2,567 
2,567 
2,667 
2,567 
2,667 
2,667 
2,568 
2,568 
2,568 
2,568 
2,668 
2,568 
2,568 
2,568 
2,568 
2,568 
2,568 
2,567 
2,567 
2,667 
2,567 
2.567 
2,567 
2,567 
2,667 
2,667 
2,567 
2,567 
2,567 
2,567 
2,567 
2,667 
2,567 
2,567 
2,667 
2,567 


Sq.feet. 
147,596 
148,642 
149,784 
152,046 
163,062 
157.266 
169,190 
159,668 
160,362 
161,014 
162,122 
161,230 
162,212 
162,786 
163,014 
162,862 
164,376 
165,012 
165,492 
164,848 
164,926 
165,486 
165.976 
163,496 
164,686 
158,542 
158,623 
160.700 
161,146 
162,386 
162,664 
162,426 
162,838 
164,040 
163,658 
163,280 
164,422 
169,410 
159,726 
160,132 
164,784 
165,070 
167,010 
167,244 
170,620 
171,810 
178,082 
173,487 
174,604 
174,195 
184,116 
178,080 
183,272 
179,526 
184,212 
184,123 
181,130 
182.180 
180,716 
180,689 
179,468 
179,407 
180,081 
180,123 
179,579 
178,714 
178.606 
178,608 
179,716 
179,569 
179,774 
178,388 
178, 192 


t 

cB 

s 

I 


8q.  feel* 
137.286 
37,448 
.37,766 
39,061 
.39, 181 
89,826 
39,228 
.39,614 
.39,837 
40,061 
40,517 
88,612 
38,566 
[37.501 
:37,424 
37,107 
38,275 
37,506 
86, 8(12 
35,7:« 
36, 151 
86,627 
37,301 
133,140 
33,891 
28,171 
28,240 
130,022 
30,152 
.31,267 
[31,384 
81,570 
31,560 
[32,640 
[82,594 
32,000 
82,170 
.26,802 
26,832 
31,062 
31,055 
.31,Ca7 
32, 141 
32,142 
85,452 
.36,871 
87,fi23 
37,772 
138,428 
38,475 
48, 406 
42,814 
«7,1»86 
.44,1<30 
49,  .S86 
49, 972 
46,098 
.48,021 
.46,607 
.46,  (i09 
45,724 
45,796 
47,r.23 
46,046 
46,619 
45,655 

.45,:rrs 

46,378 
46,338 
46,332 
46,337 
45,251 
45,358 


5. 
5. 


Feet. 
2.830 
2.994 
a006 
3.028 
3.249 
3.820 
4.188 
4.070 
4.198 
4.219 
4.190 
4.269 
4.706 
4.823 
4.888 
4.962 
4.922 
5.172 
5.143 
5.159 
268 
338 
6.467 
5.551 
5,688 
5.631 
5.571 
5.670 
5.743 
6.670 
5.644 
5.702 
5.818 
5.884 
5.887 
5.849 
5.854 
6.218 
6.199 
6.154 
6.107 
6.123 
6.220 
6.175 
6.066 
6.078 
5.970 
6.219 
5.962 
6.006 
5.588 
5.800 
5.621 

5.554 
5.538 
5.507 
6.469 
5.315 
6.397 
5.  .336 
5.346 
5.313 
5.320 
5.414 
5.361 
5.260 
5.258 
5.263 
5.256 
5.255 
5.267 
5.309 


Oub.feeL 
417,690 
445,040 
460,491 
460,400 
496,277 
600,773 
657,946 
649,867 
678,143 
679,416 
679,299 
688,313 
763,283 
784,872 
787,867 
808, 26& 

809,  m 

852,392 

819,572 

860,562 

868,756 

893,003 

907,516 

907,617 

936.833 

892,79fr 

883,610 

911, 14ft 

925,490 

919,870 

918,104 

926, 29S 

947,334 

967,148 

954,264 

955,072 

962,648 

991,206 

990,269 

985,436 

1,006,298 

1,010,804 

1,038,916^ 

1,032,684 

1,035,096> 

1,047,816 

1,035,775 

1,079,029 

1,044,962 

1,046,185 

1,028,977 

1,032,926 

1,080,189 

1,002,229 

1,023,069 

1,019,815 

997,56$ 

996,449 

980,591 

996,098 

957,666 

999,061 

956,671 

958,196^ 

972,423 

908,189 

939,  Re» 

MO,  083 

945,836 

943,943 

945,  «3& 
939, 4S» 

946,  Of« 


*  Below  sero  of  Carrollton  g:aaKe. 
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Tabulated  resuita  of  discharge  fneasurements — Continued. 


Date. 


1883. 

May  9. 

May  10. 

May  11 

May  12 

May  14. 

Mayl5„.., 

May  1ft. 

May  17 

May  18. 

May  19. 

May2L 

May  22 

May  23 

May  24 

May  25 ». 

May  26 

May  28 

May  29.. , 

May  90 

May  31 

Junel 

June  2 

June  4 

June  6 

June  6. 

June  7 , 

June  8 

June  9 

June  11 

June  12. , 

June  13. , 

June  14. 

June  15 

June  10. 

June  18. 

June  19 

June  20„ 

June  21 , 

June  22. 

June  23 

June  25 

June  20 

June  27 

June  28 

June  29 

June  30 

July  2 

July  3 

July  5 

July  6 

July  7 

July  9 

July  10.....*... 

July  11 

July  la 

July  14 

July  10. 

July  17 

July  18 

July  19. 

July  20. 

July  21 

July  25 

July  28. 

July  31 

Auguiit  4.. 

Au^flt  8 

August  11 

August  15..... 
AuipiBt  18..... 

August  22 

August  25 

August  29..... 
September  6. 
September?. 


9 


14.076 
14. 114 
14.151 
14.076 
14.138 
14.003 
14.085 
14.082 
14.171 
14.206 
14.144 
14.058 
18.948 
18.797 
18.719 
13.854 
18.585 
18.688 
18.68t> 
18.728 
13.625 
18.507 
18.475 
18.484 
13.436 
18.828 
18.316 
18.288 
18.178 
18.135 
18.076 
18.080 
12.931 
12.900 
12.777 
12.765 
12.706 
12.682 
12.640 
12.454 
12.535 
12.552 
12.496 
12.448 
12.541 
12.564 
12.522 
12.462 
12.874 
12.450 
12.426 
12.480 
12.500 
12.540 
12.590 
12.559 
12.565 
12.455 
12.455 
12.350 
12.845 
12.280 
11.700 
11.455 
11.150 
9.847 
8.520 
7. 350 
6.670 
6.120 
5.300. 
4.752 
2.875 
2.062 
1.980 


I 


2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,667 
2,567 
2,567 
2,567 
2,567 
2,567 
2,561 
2.467 
2,467 
2,467 
2,467 
2,467 
2,467 
2.467 
2,467 
2,417 
2,417 
2,417 
2,417 
2,417 
2,417 
2,417 
2,417 
2,417 
2,417 
2,417 
2,417 
2,417 
2,417 
2,417 
2,417 
2,392 
2,392 
2,  .392 
2,392 
2,392 
2,392 
2,392 
2.392 
2,392 
2,397 
2,397 
2,397 
2,407 
2,407 
2,392 
2,392 
2,302 
2,392 
2,387 
2,387 
2,367 
2,337 
2,817 
2,810 
2,300 
2,282 
2,904 
2,192 
2,240 
2,189 
2,189 


OS 

I 


8q,feet. 
176,076 
176.282 
176,968 
176,788 
174,048 
174,190 
174,894 
174,991 
175,185 
176,278 
178,080 
177,852 
181,829 
181,430 
182,852 
188,190 
181,256 
181.512 
183,050 
183,432 
180.^7 
180,379 
178,299 
182,372 
182.257 
181,707 
181,607 
181,645 
188,510 
183,494 
183,586 
183,471 
183,854 
183,276 
182,130 
182,117 
180,701 
180,584 
180,011 
179,615 
179,034 
179,110  I 
180,465  I 
180,344 
184,820 
184,820 
181,524 
181,592  , 
181,282  ' 
181,452  I 
181,396 
180,871  ' 
180,871 
179,840  I 
181,136  ' 
181,020  , 
182,900 
182,418  I 
182,428 
181.240  1 
181,240  i 
180,562 
179,362 
178,200 
175,896 
172,390 
167,960 
164,860 
162,156 
161,220 
159,890 
158,040 
154,680 
151,160 
150.832 


s 

9 


Sq.feet. 
148,165 
148,224 
143,560 
143,664 
149,930 
141,431 
142,985 
142,201 
142,174 
142,169 
145,181 
145,174 
147,465 
149,154 
150,728 
150,719 
149,424 
149,428 
151, 182 
151,461 
149,069 
149,072 
147.949 
151.006 
151,010 
151,150 
151,060 
151,154 
158,891 
158,474 
158,680 
153,567 
153,969 
153,869 
152.776 
152,790 
151,627 
151.526 
150,973 
150,908 
150^ 
150,644 
151,996 
151,985 
157,058 
157.027 
153.032 
154, 143 
152,902 
152,903 
152,901 
152,296 
152,300 
151,156 
152,260 
152, 260 
154,411 
154.110 
154. 120 
152,992 
152,992 
152,572 
152,875 
152,540 
150,662 
150,014 
148,842  i 
148, 196 
145,850 
147,429  I 
147,783 
148,188  I 
145,090  ! 
146,639  I 
146.321 


Fett, 
5.323 
5.396 
6.285 
5.364 
5.863 
5.344 
5.820 
5.243 
5.168 
5.180 
5.115 
5.206 
5.006 
5.020 
4.947 
4.968 
4.928 
4.867 
4.829 
4.816 
4.853 
4.802 
4.941 
4,813 
4.785 
4.816 
4.741 
4.729 
4.714 
4.660 
4.644 
4.654 
4.700 
4.618 
4.567 
4.596 
4.549 
4.573 
4.678 
4.582 
4.565 
4.627 
4.591 
4.606 
4.572 
4.498 
4.582 
4.597 
4.510 
4.462 
4.548 
4.440 
4.460 
4.568 
4.565 
4.760 
4.519 
4.442 
4.123 
4.123 
4.192 
4.421 
4.329 
4.119 
4.292 
3.790 
3.405 
8.830 
3.126 
2.966 
2.592 
2.682 
2.812 
2.623 
1.976 


Cub.  feel. 
936,487 
950,759 
935,237 
948,441 
933,382 
930,617 
929,607 
917,341 
907,610 
906,064 
911.026 
916,277 
910,271 
910,977 
904,655 
906,261 
898,238 
888,564 
888,848 
883,430 
876,705 
864,048 
881,062 
877,798 
878,106 
875,086 
861,585 
869,046 
865,049 
855,025 
852,517 
854,0(56 
862,242 
846,44a 
890.027 
887,075 
822,061 
625,601 
823,478 
821,781 
817, 828- 
828,867 
828,430 
890,559 
845,967 
831,466^ 
831,545 
833,850 
817,685 
809,572' 
824,968 
803,139 
807,760 
819,806 
827,128 
833.749 
826,540 
810, 275 
751,289* 
747,378 
801,590 
798,279 
776,687 
733,935 
755,190 
646,588 
!m,863 
549,111 
506,849 
478,359 
414,350 
412,967 
857,787 
396,466 
296.124 
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7}xbuIaUd  renUU  of  vertical  vdoeUy  meaguremenU. 


Depth. 

IS 

5.34 
5.88 
5.42 
5.42 
5.44 
5.42 
5.44 
5.48 
5.45 
6.48 
5.44 
5.44 
6.48 
6.44 
5.43 
6.42 
5.42 
5.38 
5.36 
5.36 
6.29 
5.28 
5.27 
5.16 
5.10 
4.91 
4.74 
4.66 
4.84 
3.94 
3.72 
3.06 

Second.    Combination 
of  16 verticals.  Wind 
up  stream— velocity.  ' 

'      .S«B 

'  lis 

"ESS 

6.96 
6.05 
6.09 
6.09 
6.09 
6.09 
i        6.M 
1        6.18 
6.16 
,        6.18 
!        6.18 
G.  16 
6.13 
!        6.21 
6.18 
6,12 
•     6.17 
6.09 
6.0:J 
6. 98 
5.93 
5.93 
5.94 
5.88 
5.79    i 
5.65 
5.50 
5.23 
4.98 
4.35 
4.07 
3.64 

Fourth.    Combination 
of  88  verticals.      A 
mean  of  all  to  July 
1— velocity. 

Fifth.  Combination  of  ' 
21  vertioals  taken  i 
Arom  July  1  to  Hep- 
tomber    7— velotiity. 

Surface 

i       6.72 
5.80 
5.82 
5.80 
5.81 
5.79 
5.79 
5.78 
5.80 
6.82 

1        5.81 
5.78 
5.75 
5.78 
5.76 
5.74 
5.78 
•  5.79 
6.76 
5.73 
5.69 
5.67 
5.61 
5.59 
5.48 
6.31 
6.17    ' 
4.92 
4.56 
4.13 
3.65 
8.06 

<       5.-49 
;       5.53 
6.62 
6.60 
5.61 
5.59 
5.60 
5.61 
5.63 
5.62 
5.63 
5.60 
5.60 
5.59 
5.58 
5.55 
5.53 
5.55 
6.53 
5.51 
5.45 
5.43 
5.40 
5.39 
5.24 
5.07 
4.88 
4.70 
4.36 
3.96 
3.82    i 

3.07  ; 

2.72 

1-30.. 

2.72 

2-30 

2.75 

8-«) „ 

4-30 

2.75 
2.73 

5-30 

2.70 

6-30 

2,75 

7-30 

2,78 

8-30 

2.77 

9-30 

2.75 

lo-ao - 

2.73 

ll-«) _.. 

12-30 

2.71 
2.6N 

13-30 

2.68 

14-30 

2.70 

15-80 

2.68 

16-30 ^ 

17-30 „ 

18-30 « 

2.63 
2.60 
2,59 

19-30 'i 

2.57 

20-30 

2.53 

21-30 

2.50 

22-30 

')  49 

28-30 • 

2,47 

24-30 , 

25-30 1 

2.44 
2.23 

26-30 ; 

2.13 

27-30 

^04 

1.91 

29-30 

1.74 

1.57 

Bottom , 

1.35 

Mean  velocity... -...,......,... .,.......*   . ' 

6.200 
5.420 
96.29 

6.548 
6.750 
96.48 

5.877  ! 
6.160 
96.  n 

6.344  i 
5.560 
96.29 

2.5t0 

Percent  of  mean  to  mldrdepth 

2.630 
96.30 

Tabuiated  results  of  soundings  in  Nine  Mile  Point  Bend,  1883. 


Date. 


March  20 

March  27 

April  16 

Mays 

May  23 

June  6 

June  26 

September  7.. 


Gkiufj^e. 


13.6 
14.2 
14.8 
14.2 
13.9 
18.4 
12.5 
2.0 


Datum  areas. 


8q^are  feet. 
177,940 
186,016 
189.000 
186,640 
189,156 
184.200 
196,788 
156.730 


BONNET  CABBB  CBJEYASSE. 


On  December  20,  1682,  the  Commifision  passed  a  resolution  recommending  an  allot- 
ment of  $15,000  for  the  closing  of  this  crevasse.  The  allotment  was  made.  The  State 
of  Louisiana  subscribed  $15,000  and  private  parties  about  $5,000.  Under  these  condi- 
tions the  New  Orleans  and  Mississippi  Valley  Railroad  Company  concluded  to  build  tiic 
levee.  An  agreement  was  entered  into  with  John  A.  Grant,  vice-president  of  the  com- 
pany,  for  the  payment  to  him  of  $15,000,  less  the  necessary  expenses  of  inspection  and 
acceptance  on  completion  of  the  levee,  for  the  entire  closure  of  the  crevasse.  Upon  report 
of  completion  an  inspection  was  made  of  the  levee  February  15^  1883;  and  it  being  found 
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a  good,  sabstantial  work,  payment  was  made  Februaiy  22,  1883.  Considerable  work  on 
this  levee  was  found  necessary  after  its  completion  and  during  the  flood.  This  was  paid 
for  by  the  railroad  company  and  the  levee  maintained  in  good  order.  The  closure  of  this 
crevasse  has  already  had  a  remarkable  effect  in  deepening  the  bed  of  the  river  in  the 
vicinity.  The  results  obtained  will  probably  be  fully  shown  in  the  recent  survey  made 
by  Assistant  Engineer  Ewens  under  the  direction  of  the  Commission. 

IMPROVING  HARBOB  AT  NEW  OBLBANS,  LOUISIANA. 

(See  Plate  I.) 

The  project  for  this  work  was  approved  by  the  Commission  September  18, 1882.  The 
plant  necessary  for  its  prosecution  having  been  procured,  everything  was  in  readiness  and 
in  place  for  commencing  the  construction  of  the  mattress  400  feet  wide,  beginning  at  the 
head  of  the  CarroUton  bend  October  9, 1883.  Proposals  for  furnishing  brush  were  opened 
after  due  advertisement  September  5,  and  George  W.  Davis,  being  the  lowest  bidder,  was 
awarded  the  contract  at  $1.75  per  cord.  Requisition  was  made  upon  the  executive  offi- 
cer of  the  Commission  for  the  stone  for  ballast,  iron,  wire,  &c.  The  first  delivery  of 
brush  was  made  October  13,  and  weaving  of  mattress  commenced  October  15.  After 
weaving  about  85  feet  work  was  suspend^  by  non-arrival  of  brush.  On  November  8 
3  barge  loads  were  received,  and  work  recommenced,  but  after  weaving  about  1 90  feet 
additional,  work  was  suspended  again,  the  supply  of  brush  being  exhausted.  I  have 
recommended  the  annulment  of  the  contract  and  will  make  other  arrangements  for  pro- 
curing brush.  On  October  9  about  838  yards  of  stone  were  received  from  the  executive 
officer  of  the  Commission.  Since  then  no  stone  has  been  received,  and  I  am  informed 
that  none  can  be  expected  till  about  the  last  of  this  mouth. 

Carbollton,  La.,  November  8,  1883. 

Major:  I  have  the  honor  to  submit  the  following  report  of  work  done  towards  im- 
proving the  harbor  of  New  Orleaus  since  you  placed  me  in  charge,  which  was  on  the  1st 
of  August,  1883.  A  steam- tug  had  been  purchased,  and  the  ten  barges  on  which  the 
mattress-ways  were  lo  be  constructed  had  been  completed  in  Saint  Louis  and  delivered 
at  CarroUton;  and  I  began  at  once  to  get  up  a  plan  for  joining  these  barges  and  tor  build- 
ing the  mattress-wavs  on  them.  I  also  submitted  a  plan  for  building  the  mattress  and 
estimates  of  material  required.  These  plans  and  estimates  were  approved  by  you,  and 
the  building  of  the  mattress- ways  begun  on  August  21.  Owing  to  the  difficulty  in  get- 
ting good  carpenters  and  the  slow  delivery  of  material,  they  were  not  completed  till  Sep- 
tember  29.  The  mattress- ways  are  28  feet  wide  and  4(W)  feet  lon;r;  they  are  constructed 
across  the  ends  of  ten  barges,  each  of  which  measure  100  feet  by  20  feet.  These  barges 
are  separated  22J  feet,  and  are  so  linked  together  that  high  waves  cannot  injure  them  or 
the  raattres<;^ways.  In  accordance  with  your  order,  a  storehouse  was  begun  on  Septem- 
ber 19  and  completed  on  October  4.  It  is  a  building  20  feet  by  80  feet,  and  a  room  20 
feet  by  20  feet  was  partitioned  off  of  one  end  for  an  office.  All  the  supplies  received  for 
this  work  and  some  other  propL-rty  l>elon<;Lng  to  your  department  have  Ven  placed  in 
this  building. 

The  plant  for  building  mattress  was  placed  in  position  at  the  head  of  CarroUton  Bend 
October  9,  and  the  construction  of  mattrt«s  begun  on  the  14th.  The  willow  brush  is 
woven  on  poles,  which  have  iron  rods  nailed  to  them.  The  poles  and  rods  are  25  feet 
long,  and  when  one  set  has  been  woven  full  of  brush  another  set  is  linked  on.  Two  No. 
8  wires  run  through  and  across  the  mattre.«s  every  12  feet  of  its  length,  and  heavy  bind- 
ing poles  are  wired  across  every  25  feet  in  length.  It  is  proposed  to  make  this  a  continu- 
ous mattress,  and  to'sink  it  as  fast  as  we  weave  it.  Owing  to  the  failure  of  the  contractor 
to  furnish  brush,  only  about  85  linear  feet  of  mattress  have  been  constructed. 

Respectfully  submitted^ 

W.  G.  PRICE, 
Assitfiant  Engineer. 

Maj.  Amos  StickiJey, 

Corps  of  Engineers,  U.  S.  A. 

In  the  third-district  harbor  front,  where  the  annual  destruction  of  the  wharves  by 
sliding  banks  seemed  to  present  a  very  serious  trouble,  the  experience  of  the  past  year 
has  shown  a  more  encouraging  condition  of  affairs.  The  whwrf  lessees  made  a  partial 
experiment  of  a  plan  suggested  by  the  Board  of  Engineers,  viz,  the  scouring  out  of  tho 
high-water  deposit  under  the  wharves  by  turning  the  propeller  of  a  tug,  the  tug  being 
made  fast  in  a  proper  position.  The  result  of  this  experiment  was  so  satisfactory  where 
the  wharvee  were  so  constructed  as  to  permit  a  proper  application  of  the  scouring  cur- 
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rent  from  the  tug  wheel  that  it  is  hoped  a  more  &vorable  shape  of  wharf  and  thorough 
application  of  the  tug  scouring  after  each  high  water  wHl  prove  an  effectual  remedy.  On 
July  31  y  1883,  the  following  letter  was  addressed  to  Mr.  Kirk,  in  charge  of  the  wharves. 
No  reply  has  been  received  from  him: 

United  States  Enoikeeb  Office, 

Neto  OrUaw,  La„  July  31,  1883. 

Sir:  I  desire  to  call  your  attention  to  a  method  of  preventing  the  ca^ing  of  bank  and 
consequent  destruction  of  wharves  along  the  river  front  in  third  district.  The  Board  of 
Engineers,  of  which  I  was  a  member,  and  which  assembled  in  this  city  in  the  fall  of  1881, 
recommended  in  their  report  (as  one  of  the  means  that  might  be  tried  to  prevent  this 
caving)  the  washing  out  of  the  high-water  deposit  under  the  wharves  by  turning  the 
wheel  of  a  tug,  so  placed  as  to  send  a  current  in  the  proper  way.  This,  I  am  informed, 
was  tried  to  a  certain  extent  last  summer  with  very  satisfactory  results.  As  this  is  a 
matter  of  very  considerable  importance  to  you  in  the  maintenance  of  your  wharves,  I 
w^rite  to  ask  you  to  give  the  plan  a  more  systematic  and  thorough  tnal.  As  the  water  is 
now  falling,  it  would  be  well  to  commence  as  soon  as  possible,  before  the  deposit  begins 
to  slide.  If  this  proves  to  work  satisfactorily,  all  wharves  built  in  future  could  be  so 
planned  as  to  admit  of  the  proper  placing  of  the  tug,  and  the  annual  cost  of  the  work 
would  be  small.  If  you  conclude  to  make  the  trial  I  would  like  to  have  one  of  my 
assistants  make  measurements  to  note  the  results,  and  to  give  you  any  assistance  that 
he  could  with  reference  to  determining  the  proper  points  for  scouring. 

Very  respectfully,  your  obedient  servant, 

AMOS  STICKNEY, 
Major  of  Engineers^  U.  S.  A, 

Mr.  George  H.  Kirk, 

Xetu  Orleans  J  La. 

In  my  letter  of  September  16, 1882,  to  the  Commission,  submittiDgproject  for  improve- 
ment of  New  Orleans  Harbor,  I  called  attention  to  the  fact  that  at  other  parts  of  the 
harbor  work  would  probably  be  necessary,  and  that  the  experience  gained  and  results 
arrived  at  in  CarroUton  Bend  would  be  a  guide  for  the  extension  of  Uie  work.  During 
the  past  summer  very  extensive  caving  of  the  bank  has  occurred  in  the  Gouldsborou^ 
Bend,  and  above,  on  the  right  bank  of  the  river,  the  extensive  wharf  and  a  part  of  the  large 
depot  building  of  the  Texas  Padfic  Kailroad  sunk  into  the  river.  The  commerciar  im- 
portance of  this  part  of  the  harbor  is  rapidly  increasing,  as  shownJn  the  accompanying 
letter  of  Mr.  E.  B.  Wheelock,  president  of  the  New  Orleans  PacifiS  Railway  Ck>mpany, 
and  report  of  Assistant  Engineer  W.  G.  Price.  To  thoroughly  protect  the  right  bank  will 
require  a  great  deal  of  work,  which  should  cover  both  bends  and  perhaps  the  straight 
reach  between,  as  shown  in  accompanying  sketch. 

New  Orleans  Pacific  Railway  Company, 

President's  Office, 
New  Orleans,  La.,  November  17,  1883. 

Dear  Sir:  In  connection  with  your  present  important  labors  in  the  neighborhood 
of  New  Orleans,  I  beg  leave  to  call  your  attention  to  the  condition  of  the  bend  from 
Westwego  to  Algiers,  opposite  the  first  district  of  New  Orleans.  This  bend  is  rapidly 
becoming  one  of  the  most  important  portions  of  the  harbor  of  New  Orleans.  The  Moi^ 
gan  Railroad,  managed  by  the  Southern  Pacific,  and  the  Texas  and  Pacific  Railway,  now 
operating  the  property  and  franchises  of  the  New  Orleans  Pacific,  have  costly  and  need- 
ful termini  at  this  point,  where  facilities  must  exist  for  handling  the  commerce  of  the 
Southwest  and  West,  including  the  Pacific  slope.  Wharves  and  transfer  fitcilities  have 
already  been  built  at  lavish  expense,  and  more  are  needed.  Besides  the  railways  there 
are  such  important  enterprises  begun  on  the  same  shore,  as  the  terminal  facilities  of  the 
barge  companies,  compresses  and  warehouses  for  cotton,  grain  elevators,  cotton-seed 
mills  and  storehouses,  and  wharves  for  other  purposes.  At  tlie  upper  end  of  the  bend 
opposite  Louisiana  avenue  there  is  Harvey's  Canal,  connecting  with  the  network  of  navi- 
gation through  the  Bayou  Barataria.  These  great  and  constantly  increasing  interests 
of  commerce  and  navigation  require  immediate  protection.  It  is  a  case  of  urgency  in- 
cluded beyond  doubt  in  the  protection  of  commerce  and  navigation  by  the  National  Gov- 
ernment. If  the  river  be  controlled  at  that  point,  the  depots,  tracks,  inclines,  wharves, 
compresses,  and  elevators  designed  for  the  trade  of  half  of  the  continent  will  be  secure 
and  useful .  If  the  river  be  at  this  point  not  controlled  the  whole  machinery  of  commercial 
intercourse  above  detailed  is  put  in  constant  jeopardy,  its  development  arrested,  and  its 
very  existence  made  a  matter  of  doubt.  The  remedy  for  this  evil  does  not  seem  difficult. 
It  cannot  be  found  in  private  enterprise.  It  is  not  within  the  jurisdiction  or  duty  of 
any  single  riparian  proprietor.     It  would  seem  to  be  easily  found  in  the  scope  of  the 
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national  power  as  e^eiciBed  fbr  the  improvement  of  harbors  and  the  protection  of  com- 
merce. The  caving  in  this  bend  has  abroad^  destroyed  the  depot  of  the  Texas  and  Pacific 
Road,  and  carried  away  a  portion  of  an  inclme  and  wharf.  It  has  compelled  the  setting 
back  of  a  costly  levee  at  great  expense.  It  threatens  the  entire  commerce  above  de- 
scribed and  may  oocar  again  at  any  point  from  Algiers  to  Westwego.  I  have  thought 
it  not  improper  to  ask  yonr  kind  attention  to  this  subject,  and  to  bespeak  for  it  your 
consideration.  I  may  add  that  on  the  2d  instant  I  addressed  a  statement  of  the  facts  to- 
Hon.  B.  F.  Jonas,  of  the  United  States  Senate,  and  the  communication  was  concurred  in 
and  indorse  by  the  following  gentlemen:  I>imcan  F.  Kenner,  president  Planters,  and 
Crescent  Oil  Company;  A.  Schreiber.  president  New  Orleans  Warehouse  Company;  John 
Phelps,  president  Cotton  Exchange;  K.  S.  Howard,  president  Chamber  of  Commerce;  W. 
J.  Behan,  mayor  of  New  Orleans;  Gomila  &  Co.,  managers  Relief  Elevator  and  Ware- 
house Company;  Morgan's  Louisiana  and  Texas  Railroad  and  Steamship  Company,  per 
A.  C.  Hutdiinson,  president. 

Very  respectfully  yours, 

E.  B.  WHEELOCK, 

Presidents 
Mfio.  Amob  Stickney, 

Corps  of  Engineers,  U.  S.  A, 

New  Orleans,  La.,  November  19,  1883, 

Major  :  In  accordance  with  your  order,  I  have  obtained  the  following  information  in 
regard  to  values  of  property  on  the  river  front  in  Gouldsborough  and  Gretna,  between 
Harv^'s  Canal  and  the  upper  line  of  Orleans  Parish,  as  follows: 

Texas  and  Pacific  Railroad  terminus $400,  OOO 

Gomila  &  Co.,  barge  interest _ 50,000 

New  Orleans  Compress  and  Warehouse  Company  cannot  establish  works  unless 

bank  is  protected _ __ 150,000 

Richard  Street  Ferry  Company  sufier  from  caving  banks.     Moi*gan's  Railroad, 

warehouse  and  terminus  at  Gretna. _.  200,  000 

Jackson  Street  Ferry  Company  suffer  from  caving  banks. 

Union  Oil  Mills ._ 300,000 

Crescent  City  Oil  MUls __ 300,000 

Each  of  the  oil  mills  has  large  wharves.  Tliese  values  represent  the  cost  of  prop- 
erty located  there,  but  they  would  not  begin  to  cover  the  value  of  interests  if  they  were- 
lost.  The  value  of  the  property  above  Harvey's  Canal  and  below  the  uppor  line  of  Orleans 
Parish  I  have  not  had  time  to  get.  I  find  from  the  above  that  the  river  front  in  this- 
bend  is  being  occupied  for  railroad  termini,  transfer  facilities,  warehouses,  and  similar 
constructions.  These  things  are  all  used  for  purposes  of  commerce  and  navigation,  and 
they  cannot  be  safely  used  unless  the  bank  is  protected. 

LENGTH  OF  BANK  TO  BE  PROTECTED. 

In  accordance  with  your  order,  I  liave  divided  the  river  bank  which  needs  improve- 
ment into  three  sectioni^.  The  first  begins  3, 100  feet  above  the  Company  Canal,  and  ends- 
2,800  above  Harvey^s  Canal,  and  is  20,300  feet  long.  The  second  section  begins  at  the 
end  of  the  first,  and  ends  3.8:X)  feet  below  Harvey's  Canal,  and  is  6,540  feet  long.  Th& 
third  section  begins  at  the  end  of  the  second,  and  ends  at  De  Armas  street,  in  Algiers, 
and  is  13,600  feet  long.  O^ving  to  the  interests  located  along  the  third  section,  it  needs 
improvement  much  more  than  other  sections,  but  the  work,  to  be  permanent,  must  soon 
be  carried  around  the  whole  bend.  In  accordance  with  your  order,  two  methods  of  im- 
provement have  been  worked  out  and  estimates  of  the  cost  of  each  mode. 

FIRST  METHOD. 

This  is  the  same  that  is  being  put  down  in  Carrollton  Bend,  and  consists  of  a  contin- 
uous mattress  350  feet  wide,  ballasted  with  rock.  Data  obtained  from  the  CarroUtoD 
Bend  work  shows  that  it  will  cost  4.42  cents  per  square  foot.  There  are  two  objectiona 
to  this  method  of  improvement:  First,  the  difficulty  in  laying  a  continuous  mattress 
where  there  are  wharves  in  constant  use;  and,  second,  the  probability  that  the  mattreaa 
would  be  wrecked  by  the  sliding  down  of  wharves,  under  which  a  bonk  of  silt  had  col- 
lected* 

SECOND  METHOD. 

This  consists  of  a  system  of  dikes  built  out  at  right  angles  to  the  bank  and  from  500 
to  1,600  feet  apart.  A  mattress  350  feet  by  100  feet  will  first  be  laid  and  then  a  dike  30 
feet  wide,  20  feet  high,  and  300  feet  long  will  be  laid  on  the  center  of  the  mattress,. 
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Teaching  to  within  50  feet  of  the  deep-water  end  of  the  mattress.  The  dike  will  consist 
of  willow  brash  and  stone.  The  brash  will  be  woven  in  thicknesses  of  4  or  5  feet  and 
sunk  one  on  another  tQl  a  thickness  of  20  feet  is  reached.  In  this  bend  a  dike  20  feet 
high  will  cany  the  bank  out  horizontally  about  60  feet.  The  current,  passing  a  dike  and 
moving  in  a  line  tangent  to  the  curve  above,  will  strike  the  bank  again  in  about  750  feet, 
where  another  dike  would  have  to  be  constructed.  As  the  bend  is  somewhat  irregular, 
the  dikes  would  have  to  be  nearer  together  at  some  places  and  &rther  apart  at  others. 

The  mattress  under  the  dike  would  cost,  at  4.42  cents  per  square  foot $1, 547 

The  dike,  at  4.97  cents  per  cubic  foot,  would  cost 8,  946 

Making  a  total  cost  of  mattress  and  dike 10,493 

I  have  estimated  stone  to  cost  $3  per  cubic  yard,  loose  measurement,  and  the  dike  to 
-contain  5.1  pounds  of  stone,  weighed  in  water,  per  cubic  foot,  over  the  amount  necessary, 
ip  overcome  the  buoyancy  of  the  brush.  This  weight  would  be  increased  by  the  sand 
and  silt  which  would  collect. 

COST    OF  THE  IMPROVEMENT. 
FIRST  SECTION. 

Length  of  section .__ ...feet-.      20,300 

Cost  to  protect  with  mattress $314,  QpO 

■Oost  to  protect  with  dikes,  750  feet  apart 294,000 

SECOND  SECTION. 

Length  of  section feet  -6,540 

Cost  to  protect  with  mattress $101,000 

Cost  to  protect  with  dikes,  1,635  feet  apart 42, 000 

THIRD  SECTION. 

Length  ofsection feet,.      13,600 

Cost  to  protect  with  mattress $210,000 

Cost  to  protect  with  dikes,  750  feet  apart 189,000 

The  entire  third  section  is  a  caving  bank,  and  if  not  protected  it  will  in  time  cut  away 
Algiers,  and  change  the  whole  front  on  the  opposite  side  of  the  river. 
Respectfully  submitted. 

W.  G.  PRICE, 
United  States  Assistant  Enffineer. 
M^j.  Amos  Stickney, 

Corps  of  Engineers,  U\  S.  A* 

The  following  is  a  financial  statement  of  the  different  works  in  my  charge: 

CONSTRUCTION  AND  REPAIR  OF  LEVEES,   FOURtH  DISTRICT. 


^'^'fiint*^*  Ten«i«  front. 


Allotted S110,000  00 

Drawn „ !      100,000  00 

•On  hand,  Assistant  Treasurer,  New  Orleans,  October  81, 1883 

Expended  to  October  31, 1883. 


102,947  22 


$420,100  00 
126,100  00 
174, 52»  19 
201,630  81 


Balance,  December  1,  1882 $44,966  9B 

Received  since... .--_ 476,160  00 

521, 126  W 
Expended  to  October  31, 1883 349,545  01 

Balance  on  hand,  October  31, 1883. 171,681.97 

Disbnrsements  since  December  1, 1882: 

Transportation -.- __ _ - _  1,949  97 

Miscellaneous 9,034  59 

Inspection  of  contract  work,  salaries _  $11,720  50 

Oontract  work  on  levees  and  protection  daring  high  water 326, 839  95 

Total  smce  December  1, 1882 349,545  01 
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8UBVEY  OF  UNLEVEED  FRONTS,   FOUBTH   DISTRICT. 

Allotted— $1,000  OO 

Drawn  or  expended.. . j 

NATCHEZ  AND  VIDALTA. 

Transferred,  September  p,  1882 _ .-      |7,*529  0» 

On  hand.  Assistant  Treasarer,  New  Orleans,  October  31,  1883 6,331  42 

Expended  since  September  9,  1882 2,197  67 

Balance  December  1, 1882 _ 6,  979  01 

Expended  since 1,647  5^ 

Balance  October  31.  1883 _ 5,331  42 

Disbnrsements  since  December  1,  1882: 

Material - — .  $12  50 

TrMisportation _ _.- 45  09 

Rent  of  land _ 50  00 

Careof  property. 1,540  00 

Total-. - 1,647  59> 

First  cost  of  plant  at  this  work  is  not  known.     It  oonsistB  of  4  flatboats,  tools,  Aimi> 
tare,  and  implements. 

MOUTH  OF  RED  RIVER,  L0T7ISIANA. 

In  Tleasnry  Department,  September  30,  1882 $75, 000  00 

Transferred,  September  30,  1882 8, 153  94 

Drawn - 15,000  00 

In  hands  of  assistant  engineer 113  02 

Expend^  since  September  30, 1882 37,883  46 

Balance  December  1,  1882 

Received  since $15,000  00 

Dae  from  appropriation,  December  1, 1882 7, 123  93 

Expended  since  December  1, 1882 22,605  59 

Balance  dne  from  appropriation,  October  31,  1883 _ 14,729  52 

Disbursements  since  December  1,1882: 

Survey  parties,  including  survey  for  Plaquemine  route.  .  6, 238  29 

Miscellaneous 1,878  88 

Dredging  operations,  including  hire  of  fleet 14, 488  42 

22, 605  59 

First  cost  of  plant  now  employed-- - - 

SURVEY  OF  CUBITTS  GAP  AND  VICINITY. 

Allotted $300  00 

Drawn 300  00 

Expended  to  October  31,  1883 .—  137  14 

On  hand,  assistant  treasurer,  NewOrleans 162  8ft 

Disbursements  since  December  1, 1882: 

Drayage $1  00 

Stationeiy 3  75 

Telegrams 6  70 

Material - 8  51 

Provisions - - 40  10 

Services 77  08 

137  14 


t 
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IMPfiOVINa  MISSISSIPPI  BIVBB — 0B8BBVATI0XS   AT  CABBOLLTON,   LOUISIANA. 

jUlotment _ |3,000  00 

DiawB 3,000  00 

Expended __-        3,000  00 

Balance  December  1»  1882 3,000  00 

Expended  to  October  31,  1883 _ 3,000  00 

£^isbarsement8  since  December  1,  1882: 

Telegram $0  72 

Storage _.  6  00 

;Stationery 10  93 

Lumber 12  30 

•Coal -  134  16 

Material 187  63 

Transportation _. 220  60 

Hire  of  launch 300  00 

Services _ _ 2,127  58 

3.000  00 

MISSISSIPPI  BIVSB  COMMISSIOX— OB8SBVATION8  AT  CABBOLLTON,   L0UI8IAKA. 

Allotted 11,500  00 

Expended 1,444  61 

Balance  on  hand  October  31,  1883 ^ 55  39 

Disbursements  since  December  1,  1882: 

Telegrams _.-. $0  76 

Transportation 15  00 

Material 41  98 

Fuel 72  66 

Service 1,314  33 

1, 444  61 

CLOSING  BONNET  CABBE  CBSVASSE. 

Allotted _ _ 116,000  00 

Drawn J 16,000  00 

Expended  since  December  1,  1882,  contract  work 16, 000  00 

HABBOB  AT  NEW  OBLEAN6,  LOUISIANA. 

In  Treasury  Department,  Washington,  July  1,  1882 _.  $144, 525  90 

On  hand.  Assistant  Treasurer,  New  Orleans,  July  1, 1882...        3, 267  91 

In  hands  o£  Assistant  Engineer,  October  31,  1883 100  00 

$147, 893  81 

Expended  since  July  1,  1882 _ 8,845  01 

Balance  on  hand  December  1, 1882 2,055  79 

Expended  since _ 7,632  89 

Balance  due  from  appropriation 6,  577  10 

Disbursements  since  December  1, 1882: 

Miscellaneous 506  97 

Material 453  88 

Surveys 145  14 

Sen'ice  at  the  works 1,966  06 

Office  expenses,  Ac 570  93 

Plant 3,  989  91 

7,632  89 

First  cost  of  plant  now  employed — 30,610  31 

Very  respectfully,  your  obedient  servant, 

AMOS  STICKNEY, 
Major  of  Engineers,  U.  8,  A. 
Lieut.  Col.  C.  B.  Comstock, 

Corps  of  EngmeerSy  U.  S.  A., 

President  Mississippi  Biver  Commission. 
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APPENDIX  N. 

REPORT  OP  PROFBWOR8  £.  W.  HILGARD  AND  F.  V.  HOPKINS  rPON  THE  EXAMINA- 
TION OF  SPECIMENS  FROM  BQRINOS  ON  THE  MISSISSIPPI  RIVER  BETWEEN  MEM- 
PHIS AND  VICKSBURO. 

Berkeley,  Cal.,  May  4, 1883. 

Dear  Sir:  I  tr.iQsmit  herewith  a  detailed  report  and  diacassion  of  the  examination 
made  by  Dr.  F.  V.  Hopkins  and  myself  of  the  specimens  from  borings  made  in  1879  by 
Assistant  Engineer  £.  H.  Wilson,  under  the  auspices  of  the  €k>mmi88ion,  at  Memphis, 
Helena,  the  neighborhood  of  Choctaw  Bar,  Greenville,  Miss.,  and  in  the  reaches  near 
lAke  Providence,  Lonisiana.  These  specimens  were  received  here  in  June,  188*2;  but 
their  somewhat  laborious  microscopic  examination  was  not  completed  by  Dr.  Hopkins 
until  January,  1883,  when  I  found  it  necessary  to  request  the  transmission  of  two  other 
sets  supplemental  to  the  five  originally  selected  as  representative  ones,  for  the  settlement 
of  some  doubtful  points.  The  examination  of  these  suggested  the  need  of  still  further 
extension  of  scope,  which  was  accordingly  made.  The  research  has  now  reached  a  point 
where  its  further  prosecution  would  require  material  not  now  in  the  possession  of  the 
Commission,  and  the  results  elicited  are  sufficiently  definite  for  the  objects  had  in  view, 
as  expressed  in  your  communication  to  me  of  December  20,  1881.  The  age  and  mutual 
relations  of  the  formations  penetrated  have  been  determined  with  all  attainable  certainty; 
And  while  in  part  unlooked  for,  the  results  agree  perfectly  with  our  investigations  here- 
tofore made,  and  complement  them  in  many  important  particulars. 

While  regretting  that  th^  views  of  the  Commission  do  not  permit  of  the  engraving  and 
publication  of  the  new  fi)rms  found  and  drawn  by  my  colaborer,  Dr.  Hopkins,  I  trust 
that  the  facts  here  presented  may  lead  in  the  fhture  to  a  more  thorough  and  exhaustive 
investigation  of  this  interesting  subject. 

Very  respectftilly,  your  obedient  servant, 

E.  W.  HILGARD. 

First  Lieut.  Smith  S.  Leach, 

Secretary  Misn99ippi  River  Commisnan. 


REPORT. 

UPLAND  BORINGS. 

In  the  borin^^  made  in  the  uplands,  viz,  at  Memphis  (No.  2)  and  Helena  (No.  2), 
while  the  results  have  correspond^  to  the  expectation  t)ased  upon  the  researches  of  Owen, 
Safford.  and  myself,  respectively,  in  the  States  of  Arkansas,  Tennessee,  and  Mississippi, 
there  has  be€»i  added  important  confirmation  of  the  inferred  position  and  succession  of 
strata.  The  remark  of  Mr.  Wilson  (p.  144  of  the  report  of  the  Commission  for  1881)  that 
my  *' study  of  the  northern  lignitic  formation  in  Mississippi  had  not  dLsclosed  any 
westerly  dip''  is  correct  so  far  as  my  report  of  1860  is  concerned,  but  subsequent  ob- 
servations showed  me  the  regular  disappearance  below  water-level  of  the  northern  lig- 
nitic strata  in  following  the  westward  course  of  the  Tallahatchee  and  Yockeney  Pata&, 
implying  a  westerly  dip  of  at  least  5  feet  per  mile  in  that  latitude.  Very  nearly  in  ac- 
cordance with  this  estimate,  the  characteristic  ^  *  Flatwoods  Clays, ' '  which  disappear  under 
the  sandy  strata  of  the  *  *  Lagrange  Group ' '  of  Safford  at  a  point  75  miles  east  of  Memphis, 
are  struck  at  Memphis  at  the  depth  of  168.5  feet,  and  are  here  over  100  feet  in  thickness. 
The  clay  is  overlaid  by  the  equally  well  characterized  materials  of  the  Lagrange  Group, 
•on  which  rests  a  thick  deposit  of  *' orange  sand''  in  its  most  characteristic  features;  that 
is  in  its  turn  capped  by  the  loess  or  bluff  materials,  which  here,  however,  have  the  some- 
what abnormal  composition  which  I  have  designated  as  *  *  marginal  loess. ' '  All  of  tliese 
•data  are  in  entire  accord  with  what  has  been  observed  inland. 

At  the  Helena  Bluff  boring  we  have  the  highly  characteristic  loess  material  of  great 
thickness,  underlaid -by  only  a  thin  band  of  orange  sand,  whose  variation  in  thickness, 
here  as  elsewhere,  is  one  of  its  prominent  features,  it  having  been  instrumental  in  the 
excavation  of  phannels  and  erosion  of  the  surfaces  upon  which  it  has  been  deposited. 
Beneath  it,  and  but  a  few  feet  below  high-water  level,  appears  the  tertiary  marl,  with 
the  same  type  of  fossils  as  that  found  by  Owen  inland  from  Helena,  croppingfout  in  the 
bluffs  of  the  streams. 

It  may  be  necessary  here  to  express  my  dissent  from  the  conclusions  of  Mr.  Wilson  in 
regard  to  the  cam^es  of  the  smallness  of  the  fossils  brought  up  by  the  auger  in  his  bor- 
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ings,  which  he  inclines  t^  conaideras  the  result  %( imperfect  development  in  conseqnenoe 
of  the  influx  of  fi^h  water.  At  the  early  time  at  which  Uiese,  the  eqaivaLents  of  the 
Claiborne  beds  of  Alabama,  were  formed,  the  continental  drainage  had  ite  mouth  above 
C;iiro,  and  the  Miasissippi  of  to-day  had  not  yet  become  the  one  great  outlet,  the  Mis- 
souri having  n3  existence.  A  gradual  upheaval,  prevalently  from  the  eastwwrd,  was 
shallowing  a  part  of  the  great  Misaissippi  embayment,  so  as  to  convert  its  margin  intO' 
swamps,  intersected  by  occasional  estuaries.  Such  continued  to  be  the  state  of  things  to 
middle  tertiary  times  over  much  of  the  States  of  Mississippi  and  Louisiana.  Yet  we 
find  in  the  intercalated  marl  the  largest  and  finest  fossils ;  moreover,  as  a  matter  of  fiw^t, 
there  are  fragments  of  large  fossils  in  several  instances — e.  ^.,  Venericardia  planieotia, 
Atletha  Taomeyij  Monocer&s  vetuMus,  and  others.  As  a  rul^  such  large  fossils  woald  be 
driven  out  of  the  vray  by  the  pipe  in  its  descent,  or  ground  to  fragments.  The  smaller, 
and'  especially  those  combining  hardness  with  smallness,  would  be  the  ones  that  the 
auger  would  leave  com^ratively  uninjured,  such  as  pleuratomasj  naticaaf  ie. 

Such  as  they  are,  however,  these  fossils  overwhelmingly  demonstrate  the  dose  corre- 
spondence of  the  beds  penetrated  at  Helena  and  Choctaw  Bar  (whose  fadea  is  altogether 
identical)  with  the  lower  portion  of  the  Claiborne  beds  of  Alabama;  perhaps  most  nearly 
with  those  older  ones,  which  Dr.  Eugene  A.  Smith,  State  geologist  of  Alabama,  has  lately 
examined  at  and  near  Wood's  Bluff,  Alabama,  and  which  rest  directly  upon  the  oldest  lig- 
nitic  and  fiatwoods  clays.  This  is  obviously  the  position  of  the  Helena  marl  bed,  since 
he  clays  found  in  the  bottom  boring.  No.  1,  at  162.3  feet  and  lower,  are  absolutely  in- 
distinguishable ftx>m  those  of  the  Memphis  boring.  These  facts  agree  again  with  the 
fact  that,  since  the  strike  of  the  Claiborne  strata  ol^rved  in  Mississippi  is  about  west- 
northwest  Tnot  due  west,  as  inferred  by  Mr.  Wilson  from  the  older  geological  map  of 
Mississippi),  their  dip  must  be  correspondingly  a  south-southwesterly  one,  from  Mem- 
phis toward  Helena. 

The  difierence  of  nearly  150  feet  between  the  levels  at  which  the  tertiary  strata  have 
been  reached  in  the  bluff  and  in  the  bottom  borinjg  at  Helena,  not  quite  two  mil^  apart, 
affords  a  measure  of  the  energy  of  the  erosion  effected  by  the  gravel-charged  floods  of 
the  quaternary  epoch. 

BOTTOM  BOKINOS. 

In  all  the  deeper  bottom  borings,  save  one  (viz:  No.  2,  Lake  Providence),  three  dis- 
tinct formations  have  been  penetrated,  viz,  the  river  alluvium  or  its  equivalents  in  time, 
the  equivalents  of  the  Port  Hudson  beds,  and  the  eocene  tertiary  strata.  ' 

Much  speculation  has  been  indulged  in  heretofore  as  to  the  average  depth  of  the  allu- 
vial deposits  of  the  Mississippi,  and  the  results  of  my  observations  in  the  Delta,  which 
seemed  to  indicate  that  the  deposits  of  the  modem  river  are  comparatively  shallow  even 
there,  have  been  repeatedly  called  in  question.  The  present  investigation  throws  mnch 
light  on  this  subject,  and  likewise  rectifies  the  interpretation  of  the  age  of  the  *^  bottom 
gravel,"  which  has  long  been  known  to  underlie  the  great  bottom,  but  was  by  myself 
conjectured  to  be,  in  the  main,  the  representative  of  the  ^'orange  sand"  of  the  uplands. 
Mr.  Wilson  correctly  concludes,  from  the  constant  occurrence  through  these  gravels  of 
lignite  grains  or  ''wash,"  that  they  are  not  an  equivalent  of  the  orange  sand,  which  is 
always  singularly  free  from  any  oxidizable  matter.  The  microscopic  examination  cor- 
roborates the  importance  of  the  lignite  grains,  and  associates  them  with  grains  of  came- 
lian,  and  clear  quartz  spotted  with  carnelian  as  characteristics  of  the  Port  Hudson  strata, 
to  which  group  the  great  beds  of  gravelly  sand  with  the  overlying  finer  sands  sae 
accordingly  referred.  On  the  other  hand  the  same  examination  shows  the  v^retable 
remains  in  the  alluvium  to  be  merely  macerated,  or  slightly  carbonized,  detecting  no 
other  fossils  at  all. 

It  is  not  altogether  easy  to  see  why  this  should  be  so,  and  why  a  few  remains  of  root- 
lets or  wood  fibers,  and  rarely  even  these,  should  be  all  that  remain  of  the  multitude  of 
objects  that  the  great  river  has  an  opportunity  ofcarryingoff  in  its  long  course,  especially 
at  high  stages  of  water.  The  only  reasonable  explanation  seems  to  be  that  the  triturat- 
ing effect  of  the  sharp  sand,  ^vith  the  rapid  eddying  motion  of  the  river,  tends  to  destroy, 
by  mechanical  attrition,  all  but  the  toughest  material  and  such  large  fossils  as  logs.  It 
cannot  but  be  presumed  that  in  the  back  or  slack- water  deposits  of  to-day  some  of  the 
many  organisms  of  the  cypress  swamps  must  bepreserv^;  but  no  such  material  has  come 
under  our  examination.  On  the  whole,  a  person  habitually  familiar  with  the  depoKits  of 
the  river  will  rarely  faU  to  recognize  them.  Moreover,  they  are  all,  even  to  the  sand-bais, 
characterized  by  a  very  frequent  alternation  of  materials,  due  to  the  alternate  influx  of 
deposits  from  different  sources  at  different  seasons  of  the  same  year,  so  that  aldose  observer 
may  in  many  cases  identify  the  materials  deposited  by  floods  derived  from  different  rivera. 
such  as  the  Arkansas  on  the  one  hand,  and  the  Red  River  on  the  other.  On  the  whole^ 
as  great  a  thicknes  as  20,  or  even  15  feet,  of  uniform  and  unquestionably  alluvial  de; 
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posits  of  to-day  will  rarely  be  seen,  even  10  feet  being  tmusiial,  and  fr(»m  a  few  inches 
to  2  or  3  feet  the  meet  common  range. 

Prom  this  point  of  view,  the  great  sand  bed  of  boring  No.  1,  at  Helena,  as  well  as  those 
•lying  beneath  the  nnqaestioned  allaviam  in  the  Choctaw  Bar  borings,  and  in  No.  1  of 
Lake  Providence  reaches  (Mayersville),  presented  a  doubtful  point,  these  sands  being  re> 
markably  uniform  in  their  nature  and  appearance,  not  only  at  diff«|pnt  depths  in  the  same 
locality,  but  even  on  comparison  of  those  from  different  borin^^  The  fact  that  in  all 
these  cases  the  massive  sand-beds  show  both  the  lignite  grains  and  those  of  quartz  spot- 
ted with  camelian,  which  they  have  in  common,  not  only  with  each  other,  but  with  the 
typical  *'  buckshot  day  "  of  known  Port  Hudson  age,  of  which  an  authentic  sample  was 
fortunately  in  my  possession,*  is  sufficient,  in  the  absence  of  fossils,  to  cause  them  all 
to  be  referred  to  the  Port  Hudson  epoch.  It  is  a  curious  fact  that  this  buckshot  clay, 
v?hich  is  so  abundant  in  the  back  lands  of  the  bottom,  happened  not  to  form  the  sarfisuie 
at  any  point  where  borings  were  made,  unless  it  be  at  Greenville.  Stiff  clay  soils  were 
in  several  cases  found  at  the  sur&ce,  but  these  were  underlaid  by  the  undoubted  river 
alluvium. 

The  GreenviUe  boring  is  unique,  in  that  it  was  made  at  a  point  in  the  bottom  appar- 
ently above  high-water  mark,  and  that  coincident  with  tills  the  red  and  spotted  quartz 
l^ins  with  lignite  were  found  in  the  sand  within  a  few  feet  of  the  surfkce.  No  micro- 
scopic oiganisms  were  found  in  the  sur£u»  soil,  but  even  that  is  unlike  the  river  allu- 
vium. In  other  words,  it  seems  as  if  at  Greenville  the  older  (Port  Hudson)  materials 
were,  at  the  surfoce  near  the  river  bank,  as  some  distance  back  they  are  on  the  **  buck- 
shot'' lands,  uncovered  by  any  alluvium.  The  local  elevation  of  Greenville  would  be 
analogous  to  the  ' '  Dogwood  Ridge  "  shown  on  the  map  of  the  MisBiBsippi  alluvial  region 
in  Humphreys  and  Abbot's  report,  as  the  only  land  above  overflow  in  the  Yazoo  bot- 
tom, 

Finally,  the  deepest  boring  of  the  whole  series,  No.  2  of  Lake  Providence,  is  unique 
in  that,  despite  of  its  great  depth  (248  feet),  it  has  fidled  to  reach  the  tertiary  beds.  Mr. 
Wilson  was  misled  by  the  close  resemblance  of  the  clays  at  131.5  feet  and  below,  and 
also  by  the  overlying  lignite,  into  the  belief  that  the  rest  of  the  boring  was  in  tertiary 
materials,  which  conclusion  was  made  more  plausible  by  the  occurrence  of  calcareous 
nodules  and  materials  resembling  greatly  the  tertiaiy  marls.  The  microscopic  exami- 
nation, however,  leaves  no  doubt  of  the  fresh  water  and  *^  Port  Hudson  "  character  of  the 
entire  boring  from  at  most  42.9  feet  down.  In  this  latitude^  moreover,  the  outcrops  of 
similar  materials  in  the  Yazoo  bottom  render  the  identification,  even  to  the  naked  eye, 
altogether  complete.  How  much  deeper  the  trough  was  excavated  into  the  tertiary  at 
this  point  is  open  to  cox^jecture;  but  the  occurrence  of  the  tertiary  marl  at  110  feet  in 
boring  No.  3  (at  Hay's  Landing),  6  miles  southeast  from  Lake  Providence,  shows  that 
the  deep  trough  was  not  continued  in  that  direction,  but  more  probably  in  a  southwest- 
erly course.  In  this  connection  it  should  not  be  forgotten  that,  as  I  have  shown,*  the 
great  drift  current  bore,  not  in  the  direction  of  the  present  mouths  of  the  Mississippi, 
but  toward  Vermilion  Bay.  This,  therefore,  is  the  direction  in  which  we  would  expect 
to  find  the  deepest  excavations  in  the  tertiary  materials. 

As  r^trds  the  comparative  age  of  the  marine  tertiary  beds  at  Lake  Providence  for 
rather  Hays'  Tending)  and  Choctaw  Bar  or  Helena,  the  laiger  as  well  as  the  microscopic 
fossils  tend  Jto  show  that  while  the  beds  reached  at  the  first-named  locality  have  a  some- 
what different  fades  from  those  above,  yet  the  horizon  of  the  next  higher  group,  the 
'*  Jackson,"  had  not  been  reached.  Now  it  is  known  that  southeast  of  Hays'  Landing 
on  the  Yazoo  River,  near  Haines's  Bluff,  the  Jackson  strata  begin  to  disappear  beneath  the 
water  level,  being  there  overlaid  by  a  lignitic  bed  of  variable  thickness,  which  in  its 
turn,  at  the  Yicksburg  bluff,  is  capped  by  the  *'  Yicksburg  "  series.  The  dip  of  the  ter- 
tiary being  here  very  little  west  of  south,  it  follows  that  at  Hays's  Landing  the  strata 
struck  at  110.7  feet  must  belong  to  a  group  considerably  below  the  Jackson  beds;  which 
is  in  effect  what  the  fossils  found  also  indicate.  In  other  words,  the  bed  belongs  to  the 
higher  portion  of  the  Claiborne  group,  and,  according  to  the  rate  of  dip  observed  at  Yidcs- 
bnrg,  the  Jackson  beds  would  not  be  reached  in  a  luring  of  that  depth  until  about  the 
latitude  of  Warrenton,  south  of  Yicksburg. 

The  genei^l  conclusions  reached  as  regards  the  geological  history  and  structure  of  the 
great  bottom  within  the  limits  of  the  borings  in  question  are  therefore  these:  A  trough 
whose  depth  exceeds  at  one  point  248  feet  below  high- water  mark  has  been  excavated 
into  the  tertiuy  beds  originally  filling  it  probably  to  a  height  considerably  above  that 
mark.f  This  trough  has  subsequently  been  filled  up  to  above  present  high-wat«r  mark 
with  deposits  dating,  in  their  present  position,  from  the  period  of  gradual  depression  fol- 
lowing the  deposition  of  the  orange  sand,  and  during  which  the  orange-sand  materials 
were  eroded  and  redeposited  in  the  trough,  or  similar  materials  were  brought  de  novo 

*  For  K<K>los;loal  details  mardtng  this  clay,  refer  to  Dr.  B.  A.  Smithes  paper  on  the  Geology  of  the 
Mlf»4iMippi  Bottom,  Prooeedinga  A.  A.  A.  8.,  1871,  p.  292. 
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from  northern  regions.  The  gravel  and  coarser  sand  were  of  course  left  in  the  more- 
northerly  portion  of  the  trough,  while  in  the  southerly  one  the  comparatively  slack 
water  produced  deposits  of  sandy  loams,  fine  silt,  and  ^ '  buckshot ' '  day.  Ajb  the  deprea- 
sion  increased  and  the  slack-water  ad%'anced  up  the  valley,  finer  matenals,  like  the  sands . 
overlying  the  gravels,  were  deposited,  and  finally  the  loess  and  yellow  loam  now  cover- 
ing the  uplands.  Upcm  re-elevation  the  loam  and  loess  in  the  middle  portion  of  the 
trough  were  washed  amy;  but  when  the  resistent  buckshot  clays  were  reached  erosion 
concentrated  upon  the  lines  of  least  resistance,  and  the  river  of  to-day  was  formed.  The 
great  alluvial  ridge  in  the  axis  of  the  valley  shows  that  whiie  the  river  has  shifted  its 
'channel  by  the  formation  and  cutting  off  of  bends,  its  general  location  has  roughly  re- 
mained the  same.  Where  the  river  has  washed  avray  the  ancient  deposits  it  has  left  its 
alluvium  overlying  such  as  remained;  but  while  at  many  points  the  alluvium  jS/(tii^  uid 
river-heda  must,  of  course,  be  of  corresponding  thickness,  viz,  ftom  70  to  100  feet,  or  per- 
haps more,  alluvium  of  such  thickness  has  been  struck  only  in  boring  No.  6,  Choctaw 
Bar,  viz,  68.2  feet;  the  maximum  thickness  found  elsewhere  being  (in  the  case  of  the 
Hays'  Landing  or  Lake  Providence  No.  3  boring)  56.8  feet,  and  mostly  between  25  and 
40  feet.  This  is  in  accord  with  the  similarly  shallow  depths  at  which  the  alluvium  was 
found  to  terminate  in  the  lower  delta. 

It  would  be  extremely  desirable  to  verify  these  conclusions  by  the  comparative  exam- 
ination of  samples  carefully  taken,  both  of  various  kinds  of  modem  alluvium,  and  of 
various  materials  of  the  noted  out-crops  of  the  Port  Hudson  group.  This  would  be 
especially  interesting  in  connection  with  boring  made  at  points  further  south  in  the 
great  valley  itself. 

PBEFATOBY  LETTER  BY  DB.  F.  Y.  HOPKINS. 

San  Fbancisgo,  Cal.,  May  1,  1883. 
Prof.  K  W.  HiLOABD,  Ph.  D. : 

Deab  Sib:  The  microscopic  examination  of  the  specimens  submitted  to  me  by  you 
has  now  been  carried  as  &r  as  the  objects  had  in  view  by  the  Mississippi  River  Com- 
mission will  warrant.  In  fact,  it  has  been  carried  much  &rther,  for  under  the  impression 
that  what  was  desired  was  a  full  account  of  their  fossil  contents,  such  as  I  had  the  pleas- 
ure of  preparing  for  you  in  the  case  of  the  Lake  Borgne  borings  in  1874,  I  figured  care- 
fhlly  every  organism  observed.  The  tertiary  marls  proved  to  be  very  rich  in  foraminif- 
era,  almost  all  of  undescribed  species,  and  one  or  two  new  genera  may  have  to  be  created 
in  order  to  describe  them  fully.  This  work,  after  having  occupied  my  time  for  months, 
unfortunately  proves  to  be  of  little  avail,  the  Commission  having  decided  at  their  meet- 
ing in  January  last  to  publish  no  plates  with  this  report. 

Under  these  circumstances  I  have  done  what  I  could  to  compare  my  specimens  with 
those  already  described,  and  have  prepared  lists  of  names,  indicating  the  figures  in  the 
works  of  others  that  most  strongly  resemble  the  fossils  observed.  These  names  appear 
in  the  following  tables,  and  will  no  doubt  aid  in  the  determination  of  the  geological  posi- 
tion of  the  strata  through  which  the  borings  have  passed.  It  is  to  be  hoped  that  they 
may  attract  the  attention  of  naturalists  to  a  rich  and  as  yet  unworked  field  for  scientific 
research. 

The  specimens  were  prepared  for  examination  by  shaking,  or  in  the  case  of  clays  by 
boiling,  with  about  4  inches  of  water  in  a  6-inch  test-tube  until  the  trains  were  weU 
^parated.  After  settling,  first  for  25  seconds,  the  water  containing  the  finer  portion  was 
decanted  into  another  tube,  and  a  ftesh  supply  poured  iiL  This  process  was  repeated 
four  times,  the  settling  being  6  seconds  shorter  each  time.  The  remaining  portion  and 
the  separate  deposits  in  the  tubes  were  then  examined  careAilly  under  a  microscope, 
with  powers  varying  from  70  to  1,400  diameters.  The  results  are  set  forth  in  the  follow- 
ing tables. 

Yours,  very  truly, 

F.  V.  HOPKINa 

*  Smilhsonian  Oontribations  to  Solenoe,  No.  248;  also.  Prooeedings  A.  A.  A.  S.,  1871,  p.  230,  ffl 
t  The  height  at  which  we  find  the  tertUiry  beds  at  this  time  on  the  bordering  bluin  is  prolmhly 
not  a  hAt  meamire  of  the  amount  of  erosion,  since  the  axis  of  the  Mississippi  embaTment  was  un- 
doubtedly a  trouffh  lower  than  its  border. 


REPORT  Of  THE  MISSISSIPPI  RIVER   COMHISSIOX. 


48J^ 


Record  of  examination  ofspeeimenB  of  borings, 

[Microscopic  ohanuster  by  Dr.  F.  V.  Hopkins :  larger  organisms  and  final  determination  of  the  strata 

by  Prof.  E.  W.  Hilgard.] 

BOKINO  NO.  2,  MEMPHT8,  TENN.  (ON  BLUFF). 


Description  of  speci- 
mens. 


Depth. 


Yellow  silt,  non-calca- 
reous. 

OBAKOS  SAND. 

Orange  yellow,  coarse 

sand. 
Blue  clay,  with  yellow 

steeaks. 
Yellowish  sand 

Coarse  sand  with 
graTcl. 


Orange-colored  sand... 

Orange-colored  sand, 
gravelly. 

Orange-oolored  sand, 
lower  part  cement- 
ed by  iron  into  a 
conglomerate. 

Whitfih  clay 

Coarse  yellowish  sand. 

Whitish  day 

Coarse  yellowish  sand. 


Feet. 
to  47 


47     to  95.0 

55.9 to  60.6 

60.6  to  63 

68     to  98.9 


96. 9  to   99.8 
99. 8  to  117 


Quarts, 


Small  rounded  and 
clear. 


Variegated  with 
pebbles. 

Small,  dear,  and 
rounded. 

Clear,  mixed  with 
chert  and  jasper. 

Sharp  and  round- 
ed, clear,  white, 
yellow,  red,  and 
black. 

Variegated 

do 


I 

Tour- 
maline 


None.. 

None .. 
....do., 
....do.. 
....do.. 


.do.... 


Vege- 
table 
matter. 


AliUle. 

None .. 
....do..... 
.....do..... 
....do..... 


Mica. 


...do... 
...do... 


117.5 to  132.2   do.. 


XORTHKSN    LIGinnC 
TBSTIABY. 

Lagrange  Chroup. 

Gritty  clay,  yellow- 
ish, passing:  into 
bluJsn  gray. 

Gray  sand 


FlaJIwoodM  Group. 
SUflTblue  day .^... 


Grurish  sand.. 
Stiff  blue  clay. 


132.2  to  182.5 
182.5  to  188.4 
188. 4  to  184.1 
184.1  to  189.3 


189.8  to  180 


100     iolM.6 


164     to  167 

167     to  168.  S 
168.5  to  275.1 


.do. 


Fine  and  dear do., 

Variegated do.. 

Fine  and  clear l....do.... 

Variegated <....do.... 


.do. 


None. 

None„ 

...do.... 

...do.... 

A  little. 


Large 
fossils. 


None. 

(•) 
None.. 
...do... 

(t) 


Small 
fossils. 


..do....   None 
..do.  ...I     (t) 


.do.... 


(t) 


Clear,  small,  and 
rounded. 

Bounded  and 
sharp,  clear, 
some  white  and 
yellow. 


Very  small,  dear, 

and  round. 
Clear  and  round..... 
Fine  and  dear.. 


None. 


....do. 


None. 
...do.... 


....do.... 
....do.... 
....do.... 


il) 


.do.... 


None, 


....do. 

(I) 


.do None.. 

.do....|....do.... 

.do.. ..]... .do.... 

(t)      ....do.... 


None .. 


None.. 

None 
Do. 
Do. 
Do. 


Do. 
Do. 

Do. 


Do. 
Do. 
Do. 
Do. 


None.. 


,...do.:..:....do.... 


None.. 


....do. 
....do. 


None.. 


.do..., 
.do.... 


None. 


Do. 


None. 

Do. 
Do. 


*  OmIs  of  paliBozolo  in  pebbles,    t  Cast^  I  n  p  ^bbles.    X  A.  good  deal,    f  lAxn  ite  gratus  and  larger  piecea 

I  Lignite  grains. 

Notes  on  MmiPHis  Sbxttion,  Bobings  Nos.  1  and  2. 

(B.  W.  HlIiOABD.) 

The  loess  specimens  within  the  first  47.2  feet  agree  entirely  with  the  UBiial  character 
of  this  deposit  in  the  northerly  region.  It  is  much  less  calcareous  than  farther  south, 
and  snails,  as  well  as  concretions  of  calcic  carbonate,  occur  only  in  streaks,  sporadically. 
The  upper  10  feet  are  properly  a  suhsoil  layer  helonging  to  the  ** yellow-loam'^  divis- 
ion, which  in  the  interior  is  directly  superimposed  upon  the  orange  sand  or  stratified 
drift. 

The  latter  presents  here  a  most  characteristic  section,  embracing  a  series  of  all  ita 
characteristic  materials,  even  to  the  ferruginous  conglomerate  of  coarse  sandstone,  whidi 
here,  as  elsewhere,  marks  the  approach  to  an  impervious  or  clayey  layer.  The  lowest 
portion  of  the  loess  also  shows  for  a  few  feet  a  change  toward  a  sandy  hardpan,  which 
usually  forms  a  transition  to  the  orange  sand  proper;  and  at  the  base  of  the  latter  the 
increase  of  sharp  sand-grains,  as  against  the  rounded  and  rust-incrusted  ones,  heralds 
the  approach  of  the  tertiary  sands  that  commonly  form  the  upper  portion  of  the  *^La* 
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grange  groupe  "  in  Tennessee.  The  great  day  bed  with  occasional  streaks  of  gray  sand 
is  the  exact  counterpart  of  sections  obtained  in  bored  wells  in  the  '^  Flatwood  belt ''  in 
Mississippi,  inclnding  the  variation  in  sandiness  that  is  so  apparent  between  290  and 
245  feet  of  the  section.  As  these  clays  immediately  overlie  the  highest  cretaceous  of  the 
southwestern  States,  it  is  probable  that  between  100  and  200  feet  lower  down  the  ere* 
taceous  limestone  would  hi^ve  been  reached  after  passing  through  a  zone  of  estuaiian 
deposits  with  silicified  marine  fossils.  The  dark-colored  conceretions  found  at  184.7  and 
204  feet  are  mostly  of  bird-shot  size,  and  consist  of  sand-Gjains  cemented  by  brown  iron 
ore,  evidently  a  pseudomorph  after  iron  pyrites.  They  are  therefore  not  calcareous,  as 
stated  in  the  record  of  borings;  nor  does  the  material  inclosing  them  show  any  signs  of 
effervescence.  Had  it  been  otherwise,  the  &ct  would  have  b^n  of  especial  interest,  as 
indicating  the  approach  of  oldest  marine  tertiary  strata  found  at  some  points  in  Missis^ 
sippi  and  Alabama. 

Boring  No.  3  manifestly  agrees  in  all  prominent  points  with  the  sections  obtained  in 
the  bottom  borings  at  Helena,  Choctaw  Bar,  and  Lake  Providence;  viz:  the  tertiaiy 
strata  are  overlaid  first  by  a  heavy  deposit  of  gravel  and  gravelly  sand,  this  by  finer 
«and,  and  this  finally  by  the  obviously  alluvial  layers. 
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Notes  on  the  Helena  Section. 

(£.  W.  HiLOABD.) 

BOBING  no.  2  (on. bluff). 

The  first  139.7  feet  of  this  section  is  highly  typical  loess^  with  land  snails  {Pelix  aibo- 
labris)  and  loess  pappets  or  calcareous  concretions  of  the  silty  mass.  It  difTeis  qaite  ob- 
Tiousiy  from  the  y^lowish  and  much  more  clayey  material  of  the  Memphis  blofif  and  the 
marginal  region  of  the  loess  in  Tennessee  and  north  Mississippi  generally,  which  mar 
proi>erly  he  distinguished  as  '* marginal  loess.'' 

The  materials  found  from  139.7  to  158  feet,  though  non-effervescent,  seem  most  closely 
related  to  the  loess,  and,  with  the  underlying  siliceous  clays,  seem  to  correspond  to  the 
transition  strata  between  the  loess  and  orange  sand  observed  at  Yicksburg  and  Grand 
Gulf,  Miss. 

The  pebble  bed  at  167. 8  to  171.3  doubtless  represents  the  orange  sand  pebble  bed,  which 
has  be^  found  of  such  very  variable  thickness  by  Mr.  Wilson  in  this  very  locality,  and 
shows  the  same  variability  almost  everywhere  else. 

The  fossiliferous  clay  and  marl  bed,  171.3  to  231.3,  with  its  intercalated  layer  of  bluish 
impure  limestone,  is  very  distinctly  characterized  as  tertiary,  of  the  (marine)  Claibonie 
Group  by  the  well-preserved  specimens  of  the  following  shells:  Monoceros  vehuia9  Lea, 
AetSBon  lineatus  Lea,  Nueala  magna  Lea,  DenUUium  turritum  Lea,  or  microBlriatum  Heiler, 
NaUca  tninma  Lea,  N,  mfiffTW^fnbiluxUa  Lea,  Pleurctoma  Lonadalii  Lea;  there  is  besides 
an  undescribed  Pleuratama,  FUsbeUum^  and  Relqpora.  The  abundance  of  microscopic  (mt- 
ganisms  shown  by  Dr.  Hopkins's  record  is  very  remarkable. 

BOBiNO  Iro.  1  (in  bottom). 

This  boring  begins  at  a  level  about  138  feet  lower  than  No.  2,  and  reaches  to  a  depUi 
greater  by  116  feet.  After  penetrating  27  feet  of  unquestionable  alluvium,  it  penetrates 
first  66.4  feet  of  very  fine  and  uniform  sand,  which  then  becomes  coarser  and  slightly 
zravelly  through  the  succeeding  29  feet,  making  85.4  feet  of  sand.  The  materials  thai 
become  gravelly  and  pebbly,  and  so  continue  with  variations  to  162.3  feet,  making  in  all 
131.3  feet  of  sandy  and  gravelly  materials,  the  physical  composition  of  which  shows  them 
to  belong  to  one  and  the  same  epoch.  Then  follow  strata  of  solid  days,  void  of  marine 
fossils,  but  agreeing  in  every  character  with  the  ''northern  lignitic"  days  penetrated  in 
the  Memphis  boring  at  the  lower  depths.  Hdena  boring  No.  1  has  therefore  pajased  be- 
yond the  limits  of  the  marine  Clalbome  strata  found  in  boring  No.  2,  reaching  tJieoldest 
underlying  tertiary  at  the  lowest  level  at  which  it  has  been  found  in  the  borings  under 
consideration,  viz,  162.3  feet  below  the  high-water  reference  levd.  The  ready  disinte- 
gration of  the  calcareous  marls  has  allowed  the  andent  fioods,  diarged  with  gravel,  to 
wear  them  away  down  to  their  tough  floor  clays;  the  latter,  contraiy  to  the  statement  <^ 
the  boring  record,  show  no  signs  of  calcareous  matter. 
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Notes  on  Choctaw  Bab  Bobikos. 

(EL  W.  HiLOABD.) 

In  the  profile  of  No.  2  we  have  down  to  50.5  feet  materials  snch  as  are  currently  de- 
posited by  the  riyer  at  the  present  time;  a  clayey  soil  above,  snch  as  is  formed  in  slack 
water;  from  1.2  to  23.6  feet,  the  river  silt,  not  easily  mistaken;  thence  to  50.3  feet  an 
originally  bluish,  now  brownish  loam,  each,  as  the  river  forms  when  silting  up  old  bends, 
and  which  can  be  observed  where  such  deposits  are  again  cut  away;  all  without  fossils. 

Then  comes  first  a  bed  of  fine  sand,  37  feet  in  thickness,  then  a  thin  sheet  of  blue  clay 
and  beneath  it  coarser  sands  and  gravel,  continuing  down  to  121.3  feet.  The  consider- 
able thickness  and  uniformily  of  the  materials  of  this  bed  seem  to  point  to  the  action 
in  its  formation  of  a  mightier  body  of  water  than  the  present  river.  The  firequent  oc- 
currence of  camelian  and  reddish  quartz  grains  also  seems  to  distinguish  these  older 
sands  from  the  deposits  of  the  present  period,  in  which,  on  the  other  hand,  mica  is 
usually  abundant.  Of  course  these  differences  cannot  be  absolute,  but  only  of  d^ree, 
since  the  older  materials  are  constantly  being  used  in  the  formation  of  modern  deposita. 
On  the  other  hand,  the  almost  constant  presence  of  lignite  grains  serves  to  distinguish 
the  gravel  deposits  of  the  bottom  firom  the  orange  sand  of  the  uplands,  i^hich  is  pecu- 
liarly destitute  of  any  organic  or  ozidizable  materials. 

No  doubt  is  left  about  the  indentity  of  the  marine  Claiborne  beds  by  the  fossils,  of 
which  boring  No.  2  has  been  more  prolific  than  any  other  of  the  set.  Apart  ficom  the 
abundant  microscopic  &una  shown  in  Dr.  Hopkins's  record,  the  following  larger  fossils 
were  identified: 

OtoliteSf  abundant;  VeMrieardia  planieoala  V.  rotunda  Lea ;  V.  troMvena  Lea;  Oot' 
hiUa  MurchMona  Lea,  C  giiibow  Lea,  O.  eompressa  Lea,  Laeina  papyraoea  Lea  ?  fragment  of 
a  TelUna^  and  several  of  a  trianguliurly  ribbed  Oardium ;  DenUdium  turrium.  Con.,  or  D.  m^ 
crastriatum  Heilpr,  Naiiea  minimo  Lea,  N.  tnagn^-undnlicata  Lea,  all  abundant.  Orhiaroidia 
Lea,  Fleurotoma  LonadalU^  PL  ChOdrenij  PL  BeememontUy  all  of  Lea,  and  two  other  species. 
Fuaus pagoda  Heilpr.,  F,  magnoooaUUus  Heilpr.,  and  two  other  species.  Two  species  of 
Pyruola^  represented  only  by  the  spire;  l\irriteUa pUbeia  Say,  T.  Mortoni  Con.,  a  prettily 
sculptured  PiednuiHf  Adaeon  UnealUa,  Lea ;  AUetiha  Twmneyi  Con ;  a  (kmediaria  not  described 
by  Lea;  fragments  of  a  Jft^rei,  Oliva  QracUis  Lea;  a  badly  worn  spire  of  Monooeroa  vet^ubm 
Lea. 

The  other  borings  fiom  the  neighborhood  of  Choctaw  Bar  correspond  closely  to  Na  3; 
except  in  that  the  thickness  of  the  alluvial  layer,  as  well  as  that  of  the  underlying  sand, 
v^ies  from  place  to  place.  In  No.  5  the  alluvium  is  thickest,  being  67  feet.  The  sur* 
fiice  of  the  tertiary  seems  to  ^ow  a  trough  excavated  to  40  foet  below  its  highest  point, 
cutting  squarely  across  the  two  bends  (from  No.  3  to  No.  2),  as  though  indicating  for  a 
distance  of  5  miles  the  direction  of  the  ancient  eroding  current. 
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Notes  ok  Gbesxville  Section. 

(B.  W.  H11.OASD.) 

The  Greenville  section  is  somewhat  onique  both  in  its  collocation  and  in  the  materiald 
penetrated.  The  spot  chosen  lies  above  high-water  mark;  and  although  the  materiaU 
penetrated  down  to  the  depth  of  22.8  feet,  might  from  its  appearance  be  taken  to  be  allu- 
vium; yet  the  fact  that  above  10  feet  the  sOts  resemble  in  color  the  transition  beds  be- 
tween ihe  loess  and  Port  Hudson  strata,  while  below  that  level  lignite  grains  and  car- 
nelian-spotted  quartz  grains  are  abundant,  seems  to  j  ustify  ihe  conclusion  that  no  allu  vium 
at  all  has  been  penetrated  here,  and  that  older  material  lies  at  or  near  the  sur&ce. 

This  is  the  more  credible  as  the  tertiary  strata  are  also  here  found  at  an  unusually 
shallow  depth,  the  least  at  which  they  have  been  struck  in  any  of  the  boringSt  viz,  90 
feet.  There  seems,  therefore,  to  exist  here  a  ridge  analogous  to  the  ^*  Dogwood  Ridge  '^ 
which  forms  the  continuation  of  Crowley's  Ridge,  and  runs  from  opposite  Helena  to  the 
head  of  Honey  Island,  diagonally  across  the  Yazoo  bottom. 

No  larger  fossils  have  been  brought  up  by  the  augur  from  the  Greenville  boring,  but 
the  marl  struck  at  90  feet  is  identical  in  appearance  with  that  from  the  Choctaw  Bar 
borings,  and  the  microscopic  organisms,  while  somewhat  different  from  those  of  the  pre- 
ceding boring,  neverthelees  bear  the  same  general  character.  From  the  known  general 
southward  dip  of  the  tertiary,  it  must  be  presumed  that  higher  strata  are  met  with  at 
the  same  depths  as  we  advance  southward,  beneath  the  bottom  as  well  as  on  the  blufi^ 
alongside. 


HEPORT  OF  THE   MISSISSIPPI  HIVEE  COMMISSION, 


^  &  i  i  s  ii&i&^l 


;l 


!  44     !  'Il 


I    ll  I 

4  il   1 1 « i 


:l      hi  I 
^     till 

■ti  ilii 


.Ij. 


M 

\  mm 


5S    SJJ 

25  sa 


:  s  sasssss 


S    §gg3gS§ 


ll 


VI 


111 


I 

I 

i 

11 


?1 


1  E^l 


13 'III 


I 


ll 

am 

pit 


BBPORT   OF  THE   MlSSISStPPI   BIVEB   COMMISSION. 

i  s  =: :  i  - ,  4 

.  ^    ,  f  s.  i  j  I  M  1 1 

il;  M  few il  ^ '  ^  ^^- 


titiMHliiii 

litiiiiilili 


§ 

ft 


r 


ISI 


liiiil 

s,       < 


n  1 

^P    1! 


Vi 

III 


SEPOBT   OF  THE   MISSISSIPPI  RITEB  COMMISSION. 


49& 


E^  « 


B 

O 

^2; 


sill 


o 


op 
'O'd 


9 


•§ 


-$■§ 


>§ 


I 


I 

« 
d 
o 
a 

§3 


-s 


^4        SpM        1-4 


un  '^ 


496  REPORT   OP   THE   MISSISSIPPI   RIVER   COMMISSION. 

Notes  on  thb  Lake  Providence  Reach  bobings. 

(E.  W.  HiLOARD.) 

The  most  northerly  of  these,  the  Mayeisville  boring  No.  1,  does  not  differ  in  any  way 
from  those  of  the  Choctaw  Bar.  Down  to  30.1  feet  the  material  seems  to  be  entirely  of 
the  nsnal  character  of  allavinm;  thence  to  118.6  feet  the  character  is  the  same  as  else- 
where, first  a  stratum  of  finer  sands,  then  fipravelly  sand  and  larger  pebbles.  These  68.5 
feet  undoubtedly  belong  to  the  older  (Port  Hudsoa)  beds.  Whether  the  brownish  clay 
penetrated  between  118.6  and  132.9  feet  is  of  tertiary  age,  the  data  are  not  sufficiently 
definite  to  determine;  but  this  seems  to  be  the  most  probable  conclusion. 

Boring'No.  2,  the  deep  boring  at  Lake  Providence  town,  is  one  of  the  most  interest- 
ing, not  only  on  account  of  the  great  depth  reached  (248  feet),  and  the  great  variety  of 
materials  encountered,  but  mainly  from  the  fact  that  at  this  great  depth  the  tertiary 
strata  (contrary  to  the  impression  of  the  engineer  in  charge)  have  not  been  reached. 
The  microscopic  examination  leaves  no  doubt  on  this  point,  the  more  as  the  examina- 
tion of  the  lignitic  clays  of  No.  3  showed  definitely  the  presence  of  foraminifera  and 
and  therefore  the  connection  of  that  material  with  the  marine  tertiaiy.  In  fact  the  ma- 
terials of  No.  2  form  a  complete  epitome  of  those  constituting  the  Port  Hudson  strata  in 
the  southern  part  of  the  Tazoo  bottom,  at  the  Port  Hudson  bluff,  and  on  the  sea^ahore 
expoeuresat  C6te  Blanche  and  Weeks'  Island.*  The  calcareous  ooncretionsand  marly  clays, 
supposed  to  indicate  the  tertiary  age  of  the  lower  strata  of  No.  2,  are  extremely  charao- 
teristlc  of  the  more  southerly  portion  of  the  Port  Hudson  formation.  The  lignite  found 
at  127.6  to  131.5  feet  also  differs  materially  in  '*  ripeness  "  from  that  of  the  tertiary,  as 
in  Helena  boring  No.  1,  sample  13.  It  is  precisely  similar  to  that  found  both  at  Port 
Hudson  and  on  the  Gulf  shore,  in  the  old  quaternary  deposits.  The  great  thickness  of 
the  latter  at  Lake  Providence  indicates  the  deep  erosion  of  the  tertiaiy  at  that  point, 
located  probably  in  the  line  of  the  ancient  main  channel. 

The  upward  limit  of  the  Port  Hudson  materials,  as  against  the  alluvium,  is  difBcult 
to  draw  at  this  point,  in  consequence  of  the  great  diversity  of  materials,  and  of  the  fiiot 
that  in  some  cases  the  undoubted  older  deposits  show  no  fossils.  Since,  however,  the 
grains  of  lignite  and  camelian  spotted  quartz  occur  at  42.9  feet,  that  depth  must  be 
assumed  to  be  the  maximum  of  the  alluvium  proper  in  No.  2. 

In  No.  2  A,  close  to  the  other,  the  alluvium  evidently  stops  at  28.0  feet,  thereat  being 
the  usual  bottom  sand  and  gravel  beds. 

No.  3,  the  boring  at  Hays'  Landing,  about  5^  miles  southwest  from  No.  2,  shows  in  its 
upper  portion  the  same  unusual  variety  of  materials  as  No.  2.  For  that  very  reason  it 
is  extremely  probable  that  if  it  were  of  the  older  formation  the  corresponding  fossils 
would  be  easily  found.  The  depth  of  the  alluvium  here  may  therefore  probably  be 
placed  at  56.8  feet;  fix>m  this  depth  to  that  of  109.0  feet  there  can  be  no  doubt  of  the 
true  diaracter  of  the  older  or  *'  bottom  gravel. ' ' 

Below  the  gravel  lies  the  tertiary  marl,  with  numerous  but  on  the  whole  badly  pre- 
served fossils,  recalling  the  aspect  of  the  higher  part  of  the  Claiborne  beds  in  eastern  Mis- 
sissippi, or  that  of  the  Jackson  age  on  the  Yazoo  bluff  near  Satartia.  From  its  geograph- 
ical location  and  the  imperfectly  Imown  southerly  dip  of  the  strata,  either  of  the  two 
stages  of  the  marine  tertiary  might  here  be  looked  for.  Unfortunately  these  are  so  few  in 
number  as  not  to  allow  of  very  positive  conclusions.  Those  identified  with  more  or  less 
certainty  are  the  following: 

I^eda  media  LeA?  Leda  plicataJjesk?  and  another  species;  Venericardianfliindaj  V.traM- 
versa  f  Lea,  the  latter  identical  with  that  found  at  Choctaw  Bar;  a  TvarhinoUa^  and  a  spe- 
cies oi  Lunuiites,  not  described  by  Lea;  a  fragment  of  a  TeUina. 

The  Leda$  are  foreign  to  the  Jackson  group,  from  which  only  the  very  distinct  Leda 
multiUneata  is  known.  Venericardia  rotunda  belongs  to  both  the  Jackson  and  Claiborne 
beds,  but  nothing  resembling  V,  transversa,  or  the  fossil  here  observed,  occurs  in  the  Jack- 
son beds.  On  the  other  hand,  the  leading  fossils  of  Choctaw  Bar  and  Helena — ^the  Den- 
ialium  and  the  Naiicas,  as  well  as  the  OtoliteSj  are  here  wanting.  It  is  therefore  proba- 
bly one  of  the  higher  divisions  of  the  Claiborne  age,  separated  from  the  one  occurring 
above  by  the  partly  lignitic  beds  here  underlying;  a  feature  of  such  common  occurrence 
in  Western  Mississippi  and  Louisiana  that  it  is  rather  the  rule  than  an  exception.  The 
microscopic  organisms  confirm  the  view  that  while  the  bed  has  strong  affinities  in  the 
direction  of  the  Choctaw  Bar  and  Helena  beds,  yet  it  is  somewhat  distinct  in  the  occur- 
rence and  especially  in  the  predominance  of  species. 


*  See  the  writer's  memoirt  No.  248  of  the  SmlthBonian  Contributions  to  Knowledge, 
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UBT  OF  LABOER  FOSaiLS. 
[From  the  boiingB  at  Choctaw  Bar,  Helena,  and  Lake  Providenoe  Beaoh.] 


OtoUtes. 


vrvAXsvmB, 


ItedamedUa^  Lea?.... 
LedapUeaia,  Leaf... 
Leda 


Ifuetttafnagna^  Lea»« 

Venerieardia  planie.atak 

Venmieairdiarohtinda^  Lea»... 

VeneHeardia  frofUV6rm.Lea .. 


GbrftiifoffMoM,  Lea... 

CoHnUa  comprmteL^  Lea  t. 


TMnoL.. 


uirrvAiiTSB. 

DeniaHuin  iwrUwn,  Lea,  or. 
jD.  mierottriaiwny  Heilpr 


ifoMea,  m4n<ma.  Lea 

2V4xMea  mcvn<MMn&iIieato,Lea 
OrMvrofeBa,Lear 


Pfoiiro<omaI<m«dali»,Lea. 

MeuroUyma  GtiUdreni^  Lea 

Pleuroloma  BeaumonHiyJjtaL. 

JfCMTOlOflMK. 

Pburofoma 

ISuua  pagoda^  HciUpr 

ISuutmagnoeottatut^  Lea?.... 

JFWu*.. 

JFWu«.» 


Pyrula 

Pyrula 

TVirrOfllta  ple&eia,  Say ... 
TSurrtUUa  MorUmi^  Ck>n 

^««e>nfim 

Aelmon  Hneahu,  Lea..... 
^elcon  f>oniIiii«,  Lea..... 
AetMBon  pygmaeua^  Lea.. 
JVicwta  eaneeUatat  I^ea ... 


AUeIha  TSutmeyi^  Oon. 


GcmeeBoria 

IfOrtt 

OUnaffrcMtUs.  Lea 

ITonoeerM  venuiua,  Lea 


OOBAIA 


FUbeihtm... 
TktrHnoUet,. 

tttttpomi.., 


Choot 
Bar,  No.  2. 


Abundant. 


1 
1 


1 
4 
4 


8 


Abundant. 


2 
Abundant. 
1 


8 
2 
8 
3 
1 
1 
2 


1 
1 
1 
1? 


Helena, 
No.  2. 


Abundant. 


Abundant. 


8? 
Abundant, 


1 

"i" 


8 


Lake    Ffeovi- 
denoe,  No.  2. 


H.  Ex.  37- 


-32 


1 

1  ^ 
1 


Bemarks. 


I 

\ 


J 


;} 


) 


2 


Specimens  too  fragmentary  to 
DC  definitely  identified,  but 
all  distinct  from  Leda  muUHi' 
necUa  of  Jackson. 

A  small  fragment  of  anterior 
end,  but  well  defined. 

Very  young  specimens,  but 
well  characterized. 

Fragments  too  indefinite,  but 
perhaps  a  distinct  species. 

Lea's  figures  and  descriptions 
of  C.  gibboaa  and  eomprttuta 
leave  a  doubt  between  them 
when  the  anterior  portion  is 
wanting;  perhaps  all  those 
marked  C.  jtCMomx  should  be 
assigned  to  young  of  C.  Mur- 
chitoni. 

Probably  the  young  of  L.  papy- 
rooea.  Lea. 

A  very  smooth-surfaced  species, 
too  fragmentary  for  specific 
identification. 

Shell  thin  and  ribs  triangular ; 
not  ornate. 

Smaller  than  Hcilprin's  type 
from  Wood'.<i  Blufl",  but  not 
otherwise  diHtinct 

Several  imperfect  specimens 
neem  referable  to  thw  species 

Well  preserved  excei>t  mouth ; 
leave  some  uncertainty. 

A  doubtful  fhig^ent  of  body 
whorl. 

The  specimens  arc  small  and 
often  much  worn,  so  as  to 
render  identification  difficult 
without  direct  comparison 
with  origipals. 

lu  the  absence  of  the  canal, 
mostly  wanting,  these  species 
are  difficult  of  identification. 


Spire  only,  not  identifiable. 

Young  specimens,  but  hardly 
doubtful. 


Well-preserved  specimens  of  all. 

Fragments,  but  characteristic- 
ally marked. 

Part  of  body  whorl,  quite  de- 
finite. 

Near  porva,  Lea,  but  spire  lower. 

Complete  specimen. 

One  specimen  almost  complete ; 

that  flrom  Choctaw  Bar  aoubt- 

fhl. 


Not  described  by  Lea. 
Indefinite  cast  in  apiece  of  marl. 
Not  described  by  Lea. 
Do. 
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